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SURFACE GEOLOGY-REPORT OF PROGRESS. 

1894. 



BY BOLUN D. SALISBCftY. 



PREFACE. 

During the Bnmmer of 1894 I spent about three monthB in the 
field. Daring the seuon I had the aasistanoe of Mesara. H, B. 
Eummel, C, E. Feet and G. N. Koapp. Mr. Feet was in the field 
aboDt three montha, and Mesara. Kummel and Enapp about five 
months eaoh. Work was carried on both in the northern and sonth- 
€m parts of the State. The areal work in the ghudated area was 
■completed, aod good pn^^ress was nude in the r^ion farther sooth, 
-especially in the western part of the State, in Mercer, Barlington 
and Monmonth oonntiee. A map aooompsnying this report indi- 
•oates the extent of territory in which work has been virtoally com- 
pleted so far as the sorfaoe geo1<^ is oonoemed. 

The area tbns far covered has been studied in maoh detail. Far- 
ther work of the same sort needs to be done in the sonthwestem cor- 
ner of Barlington coanty and in western Glonceater, Salem and 
Comberland connties. It is not now thought that it will be necessary 
or wise to study the timber-covered area of the soatheastem part of 
ihe State in similar detail. In the first place, there are so few ex. 
posnrea and availaUe sections that there coald be bat poor retama 
-from exhaostive atody. In the second place, the region is not of 
auch importance, from the economic standpoint, as to warrant great 
-ezpenditore in the stndy of its surface geology. In the third place, 
it is believed that the geological questions involved in this area will 
4)0 largely settled when the atady of its surroandinga has been com- 
pleted. It is true that there are various limited areas within the 

(8) 
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timber-ooTered r^on which are of mach importance, and which will 
repay carefal stndy ; to theee attention will be pvea. 

The field work of the season emphasized the importance of the- 
point referred to in my last report concerning the coDsiderable influ- 
ence of stagnant ioe upon the depoeitioQ of the stratified drift of the 
valleys of die northern part of the State. This topic, briefly referred 
to in my last report, is now presented in greater detail in comiection 
with the stratified drift of the glaciated r^on. 

The work of the season tended to confirm the ooneotDess of th&- 
geneial position already taken oonoeming the history of the yellow 
gravel formations. The Fensanken and Jamesbnrg formations are- 
more folly described, and their relations more fully set forth in this, 
report. The study of theee formations has bronght to light import- 
ant information i«garding the supply of material for the ooustmction' 
of roads, and further study will do more in the same line. It wiU 
be a part of the purpose of Airther work to make information on this 
point available. It is evident that many portions of the sonthern 
part of the State have an abundant supply of road material of high 
grade. Some of it is of snoh a <diaracter as to fit it for immediate- 
applicadon. More of it is of such a nktnre that a considerable degree- 
of intelligence in its haodling is necessary, in order to eecnre the best 
results. It is probable that a little experimentation upon the best 
methods of handling and combining various materials would weU 
repay the cost involved. 
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THE STATE GEOLOGIST. 



SECTION I. 

DRIFT DEPOSITS OP NEW JERSEY NORTH OF THE 
MORAINE— OUTLINE SKETCH. 

Geography of nortkwestem New Jeria/, — A few words oonoerniDg 
the general gec^raphioal relitiooB of this area may well precede the 
snmnuuy of its drif^. Near its western border lies the Kittatiimy 
moimtain, which oonaista of an even-orested ridge to the sonth, and a 
narrow rolling plateau to the north. Eight or ten miles eaat of the 
Eittatinny range is the highland area of the cryatalline schists. Be- 
tween these elevations, and bounded by them on the northwest and 
floatheast respectively, lies the broad depression known as the Eitta- 
tinny valley. Booghly speaking, the Kittatiuny valley may be said to 
be aboDt 600 feet lower than the Kittatiuny mountain on the west) 
«nd about 460 feet lower than the orystalline echiat highland oo the 
«a8t. 

The even-orested Kittatiuny range, and the monntains of the high- 
land r^on east of the valley are not mouotains produced by the 
folding of the strata of which they are composed. Their struotnre 
«nd their relations make it certun that they are the remnants of a 
plateau which was onoe ooutiDuous over the Kittatiuny valley, from 
(he highlands on the east to the mounljun raoge on the west. 

At the beginning of its history, eo &r as it can now be read, the 
«urfaoe of this plateau was not altog^er plane. It had a relief of 
one, two, or even three hundred feet. Nevertheless it approached 
planenees. 

The strnctore of the rook underlying this old plateaa is snoh as to 
demonstrate that its surface was produced by the d^radation of a 
«till older and higher surface. This degradation is believed to have 
been effected by streams, which had so far widened their valleye, and 
so far obliterated the inter-stream ridges as to have developed the 
«ort of surface referred to above. Snoh a surface has been called a 
peneplain. Peneplains of this type are developed only at low 
altitudes. 

In the development of this peneplain, the ao&er rocks were worn 
down more readily than the hard^, and the latter occasioned the 



;vGoo»^lc 



6 ANNUAL REPORT OP 

avells which stood above the general level, giving riBe to the relief of 
the sarface, and conetitated the whole a peneplain, as distinct from a 
base-level plain. High Point was one of these nnsabdned remnants 
of the earlier and higher land sarface. This peneplain of north- 
weetem New Jersey has been named by Davis the Schooley pene- 
plaiuj* from the remnant of it which still remains as Schooley 
monntain. 

The elevation of this peneplain transformed it into a plateau. 
Daring the slow tnuteformation of the peneplain into the platean, the 
gradient of its streams was increased, and with increased energy they 
set to work to carve oat valleys in the surface of the plateaa. The- 
softer formations — the limestone and the shale — yielded to the agen- 
cies of sorfaoe degradation much more readily than the crystalline- 
scbists or than the hard conglomerates of the Kittatinny moantain. 
The result was that surface draini^ lowered the sarface of the lime- 
stone and shale much more rapidly than it lowered the adjacent sur~ 
faces of crystalline schist and Oneida oonglomemte. Along the belt 
where the former oome to the surface, there was developed a broad 
plain several hundred feet below the level of the plateaa on either 
band. This broad plain is the Kittatinny valley, where no trace of 
the Schooley peneplain remains. On the harder rooks on either aide 
of this broad valley, erosion made so much less rapid headway that 
the Schooley peneplain level is still represented along the even crests 
of the moantains, and on the level-topped inter-stream areas at high 
elevations. 

After the broad Kittatinny valley plain had been developed, th& 
region sufTered farther upliil. This uplift gave the streams greater 
fall, and so increased their vigor. In the surface of the Kittatinny 
valley plain thus elevated, they carved new and deeper valleys^ 
through which the streams of that region now flow. 

The Green Pond mountain range is in all ways comparable to the 
Kittatinny mountain in its general relations and in its geographio 
history. Like the latter, it is an erosion remnant of the School^ 
peneplain. Because it resisted erosion more effectively than the for- 
mations immediately adjacent to it on the east and west, it is believed 
to have stood somewhat above its emroundinge when the peneplain, 
was at its best. 

•DaTJB, "The Qeograpbio Development of Northern New Jersej." Proc. Boo- 
toD Society of Nat. Hiat., VoL XXIV., page 366. 
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Either the Scbooley peneplain was not flat, or Babsequent uplifts 
have Qot affected all parte of it eqnally. This is shown by the fact 
that the crest of the Eittatinny moantain has ad elevation 100 to 200 
feet greater than that of the highland area to the east, while the 
eastern part of the highlands is not so high as the western. 

Three cycles of erosion with intervening uplifts are thns clearly 
indicated in the northwestern part of the State. The first cycle 
developed the Schooley peneplain, of which the Kittatinny moantain 
and the higher parts of the highland east of the Kittatinny valley 
are remnants. The second cycle followed the nplift of the Schooley 
peneplain, and developed the broad Kittatinny valley several hnndred 
feet lower than the snrface of the nplifted peneplain. At the same 
time narrow valleys were cnt on the Kittatinny mountain and in the 
highlands east of the valley. The third cycle of erofflon followed a 
Eecond uplift. During this cycle the sub-valleys of the great Kitta- 
tinny valley, such as those of Clove river, Papakating creek, Faulins 
kill, &e,, were developed. 

The second cycle of erosion was short as compared with the first, 
and its work was far from complete when interrupted by the uplift 
which inangnrated the third cycle. The third cycle had proceeded 
leas far than the second when interrupted by the advance of the ice of 
the glacial period. The work which has been aooompliehed since the 
disappearance of the last ice sheet may be r^arded as a continuation 
of the third cycle. The amount of erosion accomplished during this 
cycle since the ice disappeared is trivial, when compared with that 
which had been accomplished during the same cycle before the advent 
of the last ice sheet. 

The gorge which the Delaware river has cut through Kittatinny 
mountain at the Water Gap is the work of the Delaware river 
during the second and third cycles. It is sometimes cited as a won- 
derful example of the erosive power of a river, and it certainly is an 
" impressive and majestic feature of the landscape of Sossex and 
Warren counties."* But to one who understands the topography of 
this region, the long, even crest line of Kittatinny mountain, stretch- 
ing away for miles to the north, and the almost equally even crest 
line of the highlands seen in the distance across the valley to the east, 
tell of a lapse of time, and of an amount of erosion, beside which the 

•C. C. Venneule, Geological Survey of New Jereej, Vol. I., " Report od Topo- 
graphy," p. 122. 
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gorge of the Water Gap seems paltry aad mean. The former tell of 
whole plateans of mooDtaLDOoB elevBtions reduced to a peoeplun near 
the level of the eea, whereas the latter tells merely of the oattiDg of 
a narrow gotge through a aingle moaatom ridge. 



A. DRIFT DEPOSITS WEST OF GREEN POND 
MOUNTAIN. 

I. THE UN8TBA.TIFIKD DBIFT — TILL.* 

Within the area defined above, the drifb on the oplandfl, inoladtng 
the principal slopes as well as the summits, is usually till (ground ' 
moraine), while the drift in the valleys between the uplands is very 
generally stratified. Throughout the whole area, the intimate rela- 
tionehip between the character of the drift and the sabjaoeat rock 
is well illustrated. The dose dependence of the former apoo the 
latter is more conspicuous where the till is thin than .where it is 
thick. In a rongh sort of a way the d^ree of dependence may be 
said to be inversely proportional to the thioknesa of the drift. To 
this general statement there are oertain apparent exceptions, one of 
which is sometimes rather conspicuous. Throughout those parts of 
Sussex and Warren oonutiee which lie east of the Kittatinny moun- 
tain, the bowlders are very lu-gely from the Oneida and Medina 
formations, while the underlying rock is Hudson River shale and 
Trenton limestone. The abundanoe of foreign bowlders in this re- 
gion is to be accounted for by the fact that the Oneida and Medina 
formations are much harder than the Hudson River and the Trenton, 
and the rock masses from the harder formations were able to suffer 
much wider transportation without destruction than those from the 
softer. 

In a general way it may be said that the till is more strictly local 
in character than the stratified drift of adjaoent valleys. This ia not 
to be interpreted as meaning that the local formations have not made 
their contribution to the stratified drift. This they have done in all 
cases. As the stratified drift along any valley passes from one forma- 

* The following generalized Btitements are Wed in large meaaure upon the work 
of Mr. H. B. Knmmel, trho has also rendered Imponant assistance in the prepara- 
tion of this report. 
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tion to another, the new formBtion showa itself promptljr in the sand 
4Uid gravel. 

The drift on the KiUatmny movnlam,-~Oa the orest of the Kitta- 
tiBD; mocntaia, the till is asnaUy veiy thin. In many places it is 
sbsent alt<^ether. Considerable thiokneeses of it can be said to oocnr 
■onl^ in small patches, which are freqaentl; much separated from 
-each other. 

Where the montitain widena to the north, there is more drift apon 
its summit than vhere it is narrow. The tilt is generally very stony, 
«nd large bowlders are often so nnmeroas, even where the underlying 
rock is completely concealed, that most of the area has not been 
4>ronght Qoder cnltivation. It is estimated that the average thick- 
oess of the drifl on the crest of the mountain must be considerably 
lesB than five feet On the east slope of the mountain there is almost 
none, while on the west slope its qaantity is maob greater than on the 
'Cast faxe, or on the crest. 

The local chatsoter of the drift is frequently well shown. On the 
Medina sandstone, the matrix of the drift almost up to the line <^ 
the junction of this formation with the Oneida, is distinctly reddish, 
showing that the Medina formation made the principal contribution 
to its snbstaooe. On the other hand, Oneida bowlders are very com- 
tnoD over the Medina formation to the west, indicating that the 
movement of tiie ice was more westerly than the strike of the forma- 
tions. The direction of movement thus indicated is corroborated by 
the striee, as will be noted later. 

It may now and then be obeerved along the Kittatinny mountain, 
that the upper part of the till is lithologioally unlike the lower- 
Where this difference is observable, the lower part is more local in 
constitution than the upper, and is undoubtedly of subglaoial ori^. 
The apper layer, which is usually very thin, may have been super- 
f;lac9al in origin. An exposure showing theee characteristics may be 
eeen near the State line along the Port Jervis and Coleville road. It 
is not to be understood that superglacial drift is thought to have any 
•considerable development in this part of the State. The ooourrence 
of drift which can be so referred is the exception rather than the 
rnle, and even where present, is very limited in quantity. 

As a ge(^^phic feature, the Kittatinny mountain cannot be said to 
liave been greatly modified by the ice of the glataal period. 

Wat of ihe KiOtdiimy mowitain. — West of the Kittatinny monn- 
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fain, the ridge which eztenda from Flatbrookville to Peter's valley 
haa, in general, rather steep slopes, and is bat thinly covered by 
drift. From Peters Valley to Bri(& House (Montague) the ridge i» 
wider, ita slopes are gentler, and till is more plentiful. Northeast 
of Briok House the drift is again thin, much of the surface having 
no more than a meager oovering. 

The crest of this ridge is made up of the Cauda Galli formation. 
This is flanked on the east by the Wat«r Lime and Lower Helderbei^ 
limestones, and on the west by the ComiferooB. The till may be- 
observed to undergo changes in oomposition wherever the junction 
of the underlying formations is croaeed. On the east side of the 
ridge the till is osoally compact, ae if it had been snbjected to great 
pressure, while on the west side it is more uneven and less compact. 
Ita apparent looseness of texture is perhaps often snperficial, doe to 
the fact that the wind has blown more or less sand upon its snface 
from the valley beneath. 

The general gec^rapbio featnres of this region rem«n much as they 
were before the advent of the gladal period. The deposits of drift 
have been sufficient, however, to make some slight changes in the- 
drainage of the r^ion, by estabtiehing new divides. 

The KUteiiiimy valley. — In the Kittatinoy valley tiiere are two 
principal formations, the Hadsou Biver sandstone and ehale (slate),, 
and the limestone. These formatioDS appear at the surface in long 
belts running northeast and southwest. The snr&oe features of the 
shale and sandstone areas are bo anlike the earfaoe features of the 
limestone belta that they may be separately mentioned. 

ItU on the limeatone. — Where limestone is the underlying rock^ 
the present surface is often rough, and the striking topographio 
features are often dependent upon the underlying rook, rather than 
upon the drift. The relief is not exceedingly great, but the rough- 
ness assumes a peculiar phase. In many places considerable pro- 
jections of limestone appear above the drift. These may be few or 
many feet in height, and are remarkable both for their freedom from 
drift and for their irr^ularity of form. Looking at a considerable 
stretch of limestone country from a distance, the projections of rock 
appear as huge warts upon its surface. They are sometimes sur- 
rounded by stratified drift, and sometimes 1^ unstratified. They are 
especially likely to be oonspiouons in the former case, since the snr<- 
' face of the stratified drift is often approximately plane. 
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The marked rooghiusa of the exposed sorfBoes of limestone is 
probabljr the reeDlt of p06t>glaoial ireathering. In no single instance 
was the bare limestone anrfaoe seen to retain the maihings, or even 
the amoothlng, which the ice most have given it. In some cases it 
is trae that the projections of limestone have the general form of 
rochea mouUmniet, bat even in such oases the surface has become 
markedljr rough and irregular. 

The peculiar warty topc^^apby for which the bore limestone pro- 
jections are reBpoDsible, is especially well developed in Warren county 
between Blairetown and Jacksonbnrg, north of Cedar lake, north of 
Paulina, and between Blairstown and White pond, north of Marks- 
boro. The same topography is charaoteristically developed northeast 
of White pond, extending into Sussex comity, both esst and west of 
Stillwater. It is strongly marked in the vicinity of Shuster (Warren 
county) and Catfish (Sussex county) ponds. Further examples are- 
found in Warren county half a mile south of Mt. Herman, half a 
mile southeast of Swayze's Mills, three-quarters of a mile north- 
northwest of Shiloh, from Sontbtown northeast through Jobnson- 
borg, and in the sane direction beyond Washington (Hunt's Milts),, 
in Sussex county. At some of these places there are high, steep 
ledges of limestone. 

The waity topography is equally well developed at many points in 
Sussex county. It may be seen along the road between Swartswood 
lake and Swartswood station, aa also south of Myrtle Grove and 
west of Balesville. It is well exhibited along the road between 
Balesville and Braoobville, from one to two and one>half miles south 
of the latter place. The same type of topography is the rule, rather 
than the exoeptiou, along the two aub-valleys on the east side of the- 
great Kittatinny valley. Particularly striking examples of it are 
found at many points in the timber west of Springdale school-house,. 
and west of the lai^ swamp between Hunt's Mills and SpriDgdale, 
and in the area on the west side of the Pequest, a half to three-quar- 
ters of a mile northwest of HuntaviUe. Nowhere in Sussex county 
is it better shown than in the area lying west of Hewitt's pond and 
Long pond, and between Andover Junction, Springdale and Stickle- 
pond. A good idea of it can be obtained along the road between 
Springdale and Andover Junction. Here the stratified beds of drift 
may be seen to be built up to certain tolerably definite levels against 
slopes of the projecting limestone ledges. On the rock surfaces them- 
selves, there is very little drift. 
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It is thas seen that the wart; topography is oharacterUtia of the 
limeetone belts as a whole. There are, however, a few localities 
where the limestone saifaoe seems to be lees aaeven, and where the 
til] is thick enoagh to effectaally oonoeal the rock, although the pree- 
■ent topography is primarily that of the rook rather than that of the 
•drift. Sac^ areas are mostly small. 

Freqaeot sinks afTect the snrfaoe of the limestone belts. lo a few 
of them ponds oooar. Some of the sinks have perhaps been formed 
«iace the gladal period, while others appear to have been deepened 
€inoe that event. 

A sink is seen oocaaionally, in the bottom of which there is an 
■opening which allows the drainage to pass beneath the earface. A 
«iDk hole of this sort ocoars aboat half a mile north of east of Jaok- 
sonbni^, in Warren county. Into it flows a considerable stream of 
'Water, whioh can be plainly heard as it dashes down into its snbter- 
ranean channel. Where the limestone sinks are abandant, as is oo- 
■oassionally the case, and where there are hillocks of drift intervening, 
the topography sometimes lakes on something of a morainic aspect. 

Sodi data as are available indicate that the snr&ce of the limestone 
is very mnoh rongher than the present surface ; thus a well at the 
.Jaoksonbnrg hotel, within a few yards of a limestone ledge, penetrates 
over forty feet of drift without reaching its botton. This is bat a 
:eingle illustration of the extreme unevenuees of the rock sur&oe as 
indicated by data at other points. 

Where the till on the limestone is thin, as is the rale, it seems to 
be thoroughly oxidized and leached, and the matrix of fine material 
is so like the residuary earth arising from the decay of die limestone, 
that, but [for the bowlders, the two oonld hardly be distinguished 
from each other. With the exception of the bowldera, the till on the 
limestone must have been derived mainly from the limestone itself. 
The bowlders are largely of foreign origin. A lai^e number of esti- 
mates at different points on the limestone belt, in Warren county, 
indicate that the various sorts of bowlders occur in some such propor- 
tion as the following : 

Oaeidas. 60 to 60 per cent, 

Medinaa 2 to 6 

Hudson Biver sltales and aandstonee. 9 to 12 " 

Limrotonee 16 to 40 " 
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The avenge thiokoesB of tbe till od the limwtoae areas of the Eit- 
tatiiuiy valley ia difficalt of estimation, bat it probably does not reaob 
ten feet. 

TiU on the Hudaon lUver 8hale, — The topography of the Hadso» 
Biver shale bells of the Eittationy valley is markedly unlike the topog- 
raphy of the limestone belts. In the former, tbe prindpal i^ent of 
preglaoial degradation was abrasion. In the latter, solution played an 
important part. The differences in the methods of wear of the tvo' 
formations had recnilted in somewhat different topt^;r«phieB before- 
the inonrsion of the ioe. The drift is perhaps not thicker on the- 
shale' areas than on the limestone, but the rock appears to be bare- 
maoh lees frequently. Even where little drift was left npon its sar- 
ftoe, the shale has diBint^;rated sinoe the retreat of the ioe to snoh an- 
extent as to have becwme covered with a thioker or thinner bed of 
disint^rated materiaL The present topc^^phy shows ronnd, flowing 
oontonrs, as against the craggy and angular forms whioh afieot tbe 
limestone district. Very many shale knolls having the general form 
of raehst moufonnfos, are bat thinly covered with drift, while others- 
are almost free from it. 

Locally the shale is deeply covered with till. Nevertheless the 
modifioationa of t<ipc^rBphy by the drift are on the whole so alight a» 
to make the determination of the main {w^acial feataree eaay. As- 
a whole, the ahale area conBiBtfi of a plateau, which is more or lesft 
trenched by stream valleys. The plateau-like character is wall seen 
north and northeast of Jaoksonbarg. Within this region the minor 
streams frequently flow for conuderable distances parallel to the 
strike of the strata, before tarning aoroea the same to join the larger 
valleys. Such streams have cut the plateau aurfiuM into a seriea of 
more or less well-marked ridges, having a trend parallel to the strike 
of the formation. Where the streams leave their strike valleys, the 
ridges are interrupted by narrow valle^ys. This ridged topography i» 
well developed east of fieemerville. It is strongly marked also in 
the narrow shale belts between tbe first and second, and between the 
Beoood and third sub- valleys within the limits of tbe main Eittatinny 
valley, southwest of Deokertown. In some places the plateau ie so 
much dissected by longitudinal and transverse valleys that it preEenta 
the appearance of an orderly assemblage of roonded hills with some- 
thing of a linear arrangement, the tope approaching the same general 
levd. 
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Occasionally roimded kaolle of ahale are so namerous and bo dis- 
posed with relation to one another as to resemble more (» less olosely 
the knolls and hillocks of a terminal moraine. This reeemblanoe is 
«epeciall7 noticeable where the till between the knolla is ao disposed 
as to give rise to ponds and undruoed marshes. In most saoh caaes, 
however, there are at least minor topc^raphic marks which dia- 
tingaish the shale knolls from drift hillocks. There is nsnaUf some 
flharp projecting oorner whicli serves to di£ferentiate them, even 
jadged hy &e criterion of form alone, from hUlooka of drift. The 
existence of the knolls is believed to have been determined primarily 
by pr^laeial erosion, though their shapes were doobtleea lai^ly 
modified hj the action of the ioe. 

The comparatively narrow shale belts which form the sharply- 
marked ridges hetween the sab-valleys opened on the limestone bells, 
are in general bat thinly covered with drift. Along these lines the 
montonn6ed shale knolls and ridges give a strongly-marked andala- 
tory topc^^phy, in which hillocks and depressions follow each 
other in rapid snooeasion. Along these ridges the till is locally 
thick, and the topography has the long, sweeping slopes and gentle 
nndnlatione of till deposits. The best example of this local develop- 
ment is in the vicinity of the Yellow Frame charch (Hardwick 
«harch), where the three townships of Green, Stillwater and Freling- 
hnysen meet. 

Within the shale area, the till is thickest on the shale belt lying 
between the Kittatinny monntain and the PaulinshUl — Fapakating — 
Wallkill sab-valley. This is especially true from Calver's pond 
eoatbwest to Hardwick, in the area where the platean-like topc^raphy 
is beat developed. From Calver's pond soathwest to the Water 
Gap, there are thick aooamnladons of till on the shale hills close up 
to the foot of the Kittatinny mountain escarpment; bat from the 
Dorth oorner of Frankford township to the State line, the shale hills 
immediately at the foot of the monntain are nearly free from drift. 
Thick aocumnlations of till also cover the hills between Coleville and 
Clove brook. 

Where present in any oonsiderable thickness, the till on the Hud- 
son River slate usaally has a compact clayey matrix, containing many 
etonee of all sizes. Sometimes it is distinctly foliated, but this was not 
oommonly observed. Near the mountain the surface is thickly strewn 
with bowlders, chiefly from the Oneida and Medina ledges. Although 
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widely distribnted, these bowlders do not, in other parts of the vaUey, 
oommonly coDstitate more than twenty-five to forty per cent of thorn 
which appear on the surface. The proportioo is often much less. 

Except near the borders of the limestoDe belts, the till on the shale 
and elate is usually not oalcareons. Wbere limestone is present, 
leAohing has generally removed all caloareoos matter from the clayey 
matrix to a depth of from three to five feet. 

Where rock is near the suriaoe, it is often covered by a layer of 
loose material, composed chiefly of small, angalar, little-worn slate or 
shale fri^ments. Foreign pebbles are sometimes found embedded in 
this body of local material in snch positions as to make it neoessary 
to suppose that the ioe reworked the local disintegrated material of 
prcglacial or^in, added a small amonnt of foreign material to it, and 
left the whole not far from the position which most of it oocapied 
before. 

Drift hovAdera from the elceoUte m/miU. — Northwest of Beemer- 
ville there are a number of outcrops of elnolite syenite. They occur 
on the face of the steep eastern slope between the Oneida ledge and 
the slate and shale below. The outcrops oocor at &equent intervals 
for a mile and three-qnarters along the mountain face, Sinoe this rock 
is one which is easily rect^ni;^ in the drift, and since its outrcropa 
are very limited in extent, the distribation of bowlders from them 
cannot fail to give important information oonoeming the direction in 
which the ioe moved. Generally speaking, it may be said that the 
bowlders and smaller bits of syenite are distributed to the south and 
southwest of the outcrops for a distance of about twenfy miles. The 
area within which they were found in the drift is approximately 
bounded on the sontlieast by a line drawn from the outcrop north- 
west of fieemerville, south by west, to a point a mile and a quarter 
east of Washingtonville, thence sonthwestward, to a point just ea^ of 
Hunt's pond. Green township ; on the south, by a line from Hunt's 
pond nearly due west to the foot of the mountain just east of Catfish 
pond ; on the northwest by a line altmg the east &oe of the Kitta- 
tinny eeoarpmenL It will be observed that the area where the elieo- 
lite syenite ooeurs in the drift is triangular in outline, the apex being 
at the outcrope. The Imgth of the triangl^ as already stated, is about 
twenty miles. Its base has a width of about eight milee, Near the 
outcrops, at the apex of the triangle, the bowldere are relatively large 
and somewhat common. As the triangle widens to the south, the 
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pieces of eyemte become less and less abuHdaot, and thai size' 
Btoaller. 

As cEetermined by these pieces of STeoite, the cEireotioo of ice move- 
ment most have been between S. 12° W. and 8. 46"^ W., correoMi} 
for magnedc variation. These figures are in general harmony with 
the direction of the numerons strise in the vicinity. 

Id addition to the above area in which the syenite erratios oooar, a 
few bowlders were noted in a locality so significant as to deserve- 
speoial menti<m. It is to be remembered that the syenite oatorops oa 
the east slope of the Kittatiuny moantain are 100 to 150 feet below 
the summit of the Oneida ledge. Aoroes the mountain northwest of 
Beemerville, many bowlders of syenite were noted at an elevation lOO 
feet higher than the nearest outcrop, and dne west of it. These 
bowlders, however, may have oome from the most northerly outcrop- 
of the syenite, in which case the line of motion was aboat 8. 48° W, 
(oorreoted). If they came from this outcrop, they may be no more' 
than thirty feet higher than their source, bat to reach their present 
position they must have passed over a bill about 100 feet higher than 
their parent ledge. 

AloDg an abandoned road across the mountain, three-quarters of a. 
mile northwest of Beemerville, a number of Syenite bowlders were 
found on the west slope of the mountain. They lie 8. 62° W. to 8. 
69° W. (corrected) of the northernmost outcrop, and a mile from it. 
There are no high hills between their present position and the syenite- 
outcrop. A short distance east of north of the ontcrop, and just west 
of the crest of the monntmn, strin were found which have a direction 
S. 93° W. (corrected), or three degrees north of weet. This observa- 
tion, together with many others which will be noted later, ta well as- 
the distribntioo of the syenite bowlders on the weet side of the creet 
of the Kittatinny mountain, prove oonclnsively that in this vicinity 
the direction of ioe movement was more to the west than the trend of 
the Kittatinny monntun, and that the ioe passed from the Kittatinny 
valley over the crest, and out to some extent on the western slope. 
Syenite bowlders, however, were not found on the weet slope, except 
where mentioned. 

The till of ^ highland area. — On the gneiss highlands east of th» 
Kittatinny valley, and west of the Green Pond mountain, the drift i» 
munly till. On the steep slopes it is usually thin, becoming more 
abundant wherever the slopes become more g«itle. It reaches it» 



;vGoo»^lc 



THE STATE GEOLOGIST. 17 

greatest thickneee on the more level Bammibi, aod in the ooLs of the 
various ridges. 

Throaghoat the area ezpoenres of rock are somewhat freqoeat. 
Where the roek is DOt covered by drift, it is not because the ice did 
not cover it, bat because the ice failed at some paints to make deposits 
of drill There are relatively few ezpoeores of drift. Data concern- 
ing its thickDesB and the detuls of its distribution are therefore not 
abundant. It is estimated, however, that the dritt for this r^ion has 
as average thickness of from ten to twenty- five feet. The greatest 
known thickness inside the moraine is 100 feet. This is near 
Ogdensboi^. 

The Borfaoe of the gneiss and schist beneath the till is often smooth 
and polished. It is the exception rather than the rule to find it de- 
cayed. In sDoh cases it is to be presumed that the ice did not wear 
oft the material which was decayed at the time of its incursion, for 
the amount of decay which has taken place sinoe the last incnrsioa of 
the ice is, in general, exceedingly small. 

With few exceptions, the till covering the gneiss west of Green 
Pond mountain is composed mainly of gneissic material. In its 
typical development it oousists principally of a greyish, sandy or 
clayey matrix, in which are set bowlders and pebbles of gneiss, vary- 
ing is size from a fraction of an inch to several feet in diameter. 
The gneiss material frequently oonstitntce as much as ninety-five per 
oest. of the whole body of drift. The gneiss bowlders are, on the 
whole, cosuderably worn, but do not often show well-developed 
striee. The drift also carries some limestone, Hudson Biver slate, 
shale and sandstone, as well as occasional bowlders which probably 
came from the Oneida or Medina formations further north. There 
are also occasional constituents from other formations, which are not 
easily identified. 

The only area where shale or slate occurs in quantity in the drift 
of this region is east asd northeast of Lake Hopateong, as far north 
as Oak Bidge. lbs presence in this locality is easily accounted for by 
the existence of a shale or slate formation in ntu between Oak Bidge 
and Milton, at the west base of the Green Pond mountais. Lime- 
stone does not abound in the drift of the area under oonsideiation 
except iu its western part, near the limestone fOTmations of the Kitta- 
tinny valley. The movement of ioe in this region seems to have 
been somewhat more to the south than the strike of the formations 
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and the limestone was therefore carried oat on the cryBtalline schist 
area to the east. 

It is a point of some interest that Qreen Fond mouDtain con- 
glomerate does not appear to have been carried on to the highland 
urea, west of the Rockaway river. Material from this formation has 
been found in the monuoe near Rostic, which is in line with that 
])art of the Bockawa/ river which is parallel with the Green Pond 
langfl. Farther west there are oooasional bowlders which closely 
Teaemble oertaia qnartzit«s foand in the Green Pond mountain for- 
mation, but none seen could be referred with certainty to this for- 
mation. 

The Borface of the till is generally oxidized and l^ubed to snoh an 
extent as to be distinctly noticeable to a depth of two or three feet 
from the snrface, 

Drvmlina. — West of the Green Pond mountain range, dramlins are 
ezoeedingly rare, if present at all. There is only one locality where 
they are even suspected of existing. Between Franklin Fumaoe and 
Hamburgh there are five hillocks which in general outline oloeely 
resemble drumlins. The longer axes vary from 600 yards to three- 
quarters of a mile. The heights vary from 44 to 128 feet. Their 
slopes are smooth and regular, and in their outline there is nothing 
to indicate that rock is near the aur&ce. Their longer axes are 
parallel to each other, and approximately parallel to the direction of 
ioe movement. In all these respects they resemble drumlins, but it 
most be remembered that the direction of ice movement in this 
vicinity is approximately the same as that of the strike of the for- 
mations, so that their position cannot be regarded as proof that they 
are dmmlina. They may be nothing more than veneered hills. 

BECESBIONAL MOBAIH£G. 

Within the area of Sussex county there are some minor moraines 
which appear to have been made during halts of the ioe, in the 
coarse of its general recession. A somewhat well-defined recessional 
moraine extends from Ogdensburg to Long pond, near Culver's Ot&p, 
though it is interrupted for short distances at several points, espedally 
where it crosses high ridges. It passes by lake Grinnell (Lane's 
pond), Lafayette, Washingtonville, Balesville and the north end of 
Long pond (Frankford township). The moraine cannot be traced 
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accoes the Kittatinny moaotain, but in tiie Flatbrook valley, a mile 
above Lajton (Centervilte), and again in the Delaware valley, near 
the Fiaher Bchool-hoase, there are local bat well-defined morainio 
bodies. Their real natare is shown not less by th^r topography and 
constitution, than by their relation to the gravel plains to the sonth. 
These small morainio bodies in the Flatbrook and Delaware valleys 
are probably to be correlated with the Iiong pond-C^ensburg mo- 
raine, although there is oonsiderable interraption across the monntain. 

The average width of this mortune is perluips half a mUe. Locally, 
its width increases to nearly a mile, and for considerable stretches it is 
■aot more than a quarter of a mile. The fsict that the moraine is 
•developed in the valleys, and not on the tops of the ridges between 
ihem, indicates that it was made during the olosing stages of the 
glacial epoch for this region, when the ioe had lost much of its thick- 
ness. In this condition, it seems to have retained sufficient vigor of 
motion to aocumalate considerable qnantities of drift in the valleys, 
while it was too thin and too lifbless to accomplish much upon ttie 
crests of the hills and ridges. 

The charaoteristio topography of this recessional moraine is not, on 
the whole, very strongly developed, though it is usually distinct. 
Like the lai^er terminal moraine to the south, it is usually more stony 
and bowldery than the adjoining ground monune. Locally, the till of 
(he mortune is as clayey and compact as any fonnd outside the moraine 
belt. 

This morune is here and there bordered by overwash plains of 
gravel and sand, while Jn the proper relations, gravel trains occupy 
the valleys below it. 

When the course of the moraine between Ogdensbnrg and Culver's 
^p is studied in reUtion to the topc^raphy of the r^on, it is seen 
to bend aouthweetward something like three and a half miles in cross- 
ing the broad Kittatinny valley. The moraine belts in the Delaware 
■and Flatbrook valleys lie several miles north of the west end of the 
continuous portion of the moraine at Long pond. The more north- 
'«rly position of the morainio bodies west of the mountain is easily 
understood, in view of the fact that the ioe wa? moving somewhat 
more to the west than the course of the Kittatinny mountain, so that 
the latter stood as a great barrier in the way of the movement which 
was supplying at least a part of the ice which developed the moraines 
an the Delaware and Flatbrook valleys. The disposition of the 
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morunio bodies throughout affords an illustration of th« general fact 
that topography influenced the position of the edge of the ioe, and 
that the ice extended further southward in depressions than on the- 
interveniog uplands. 

At several other points small patches or narrow belts of moraine- 
like drift occur, but none of them have any considerable develop- 
ment. It is possible that some of the more or lees isolated morainie 
patches were accumulated at the same time, but so far failed of con- 
tinuous development as not to make their connection evident. Tbe- 
mofit ooDsiderable of these local areas of morainio character lies west 
of Kittatinny mountain, just east of Brick House (Montague). 



II. STRATIFIED DBIPT — MAINLY IS YALLETS. 

It has already been slated that the stratified drift of the northwest* 
em portion of the State is confined principally to the valleys. Id 
the valleyF, stratified drift predominates. It poeaeeses certain features 
which are not common to stratified drift outside of monatain regions- 
— features -which throw much light on certain phases of glacial his- 
tory. These pecoliatities are believed to have sprung from the exist- 
ence of stagnant or nearly stagnant ice in the valleys after the ice- 
sheet, as such, had left them, and while the stratified drift was in pro- 
cess of deposition. Reference was made to this class of deposits in< 
the lost annual repoit. 

At all stagee of the ice period, the ioe was thicker in any given 
valley than on the highlands on either aide. When dissolution of 
the ice sheet set in, the ice disappeared first where it was thinnest.. 
Thns, in any given region, the uplands were freed before the inter- 
vening valleys. Ioe tongues, or ioe masses, therefore, occupied the- 
valleys for some distance below the real edge of the ice sheet. 

Ice tongues are believed to have occupied the valleys also, in ad- 
vance of the main sheet, while the ioe was advancing. But th&' 
behavior of the valley ice in the two cases may well have been essen- 
tially dissimilar. While the ice sheet was advancing, the valley ice 
was active. It constituted valley glaciers. While the ice sheet was- 
in process of disBolntiou, the valley ice was inactive, and, in some 
cases at least, actually disconnected irom the main body of ice to the 
north. 

Disconnected ice blocks similar to those which are believed to have- 
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lingered in the valleys of northern New Jersey were seen by the 
writer just below the Argentier glaoier io Switserlaud, ia 1887. The 
iglaoier was thea reoeding. Masses of ioe had been separated from 
the body of the glacier, as the latter melted, and, being partially pro- 
-tected by debris, seemed likely to endare foi>a considerable time. 

In the Delaware valley. — The essential facts conoerning the stratified 
deposits along the Delaware from the moraine near Belvidere to Fort 
Jervis may be summarized as follows : They consist of materials rang- 
ing from fine sand and silt to bowlders, even bowlders several feet in 
-diameter, Exposures are rather meager, bat gravel appears to pre- 
■dominate over sand and silt, thongh the predominant material at the 
isurface is suid or sandy loam. The alluvial plain is almost uniformly 
covered with a greater or less thickness of fine silt or loam. The 
«ame is generally tme of the post-glacial terraces where such exist, 
and is locally true of the highest terraces, representing the surface of 
aggradation by glacial drainage. Cobbles and stones of larger size 
are much more commonly present on the surface of the higher terraces 
4haa on the lower. This is sometimes true even where the body of 
(be material is fine. 

The stratified drift along the valley is plainly of glacial origin. 
This is shown not only by the glaciated stones which are sometimes 
found in it, but by the oonatitntion of the material itself. The 
material of the lower terraces has been more or less worked over by 
4he river in post-glacial time. 

One of the most significant facts in connection with the stratified 
drift of this part of the valley is the fact that it stands in no intimate 
^netic relationship to the stratified drift below the Belvidere moraine. 
From Belvidere southward, the gladal gravel deposits of the valley 
'decline regularly, afler the normal &shion of valley trains heading in 
moraines."' The inclination of the surface of the terrace is especially 
iiigh jnst below the moraine, as is the rule in valley trains. The aver- 
«ge decline of the terrace for two miles below the moraine is at the rate 
■of about 30 feet per mile. Just below the moraine the gravel rises to 
a height of 440 feetf A. T. Instead of oontinsing to rise steadily to 
the north, the surface of the valley gravel deposits falls to a con- 
siderably lower level above the moraine. Just north of Belvidere, 
near the river, the highest terrace has a height of only 330 feet, an 

■See Amiual Report for IS92, pigea 116-126. 

fAll figures as lo akitude are taken from the topographic maps. 
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elevittioQ more than a handred feet lower than that of the stratified 
valley driit on the other Bide of the moraine. There is the best 
naaoa for believing that no higher terraoe ever existed in this locality. 
The relationBhipe ore Biich as to make it clear that the stratified drift 
deposits of the valley above Belvidere and below, were not strit^y 
oontemporaneooB. The gravel depoeits below Belvidere were made 
by waters issuing from the ice when its edge oocapied the position 
which is now marked by the moraine. At this time the Delaware- 
valley above Belvidere was filled by ioe, and gravel deposits were not 
there making. 

There are well-developed terraces of stratified drift at varioua 
points from Belvidere to the State line, bat not only do they not oor- 
respoad in altitude with the gravel terraoes below the moraine, bnb 
they are discordant among themselves. Not only this, bat the dia> 
cordanoe is not to be attributed to post-glacial erouon. It is original, 
not secondary. 

As the ice receded northward from the position of the moraine* 
the waters arising from its melting coursed through those parts of the 
valley successively freed from ioe. These waters deposited sand and 
gravel, especially just beyond the edge of the ice at each succeasive' 
sti^e. Since the ioe withdrew from south to north, the gravel just 
north of the moraine, or at least much of it, was deposited before that 
of the valley atiU further north. This general relation holds up to 
the north line of the State and beyond. The valley gravel was 
largely deposited in sections, so to speak, oommencing at the south. 

A study of the terraces above Belvidere shows that two somewhat 
distinct stages in the retreat of the ice may be made out with some 
degree of certainty. Just below the recessional moraine, near the- 
Fisher school-house, the gravel terrace rises rapidly to meet it. This 
is the relation which usually holds south of a moraine. Both the 
moraine and the gravel below it, and. particnUrly their relation to- 
each other, show that the ice edge halted in its retreat along the line 
now occupied by the moraine. The terraoe below the moraine ift 
higher than that for some distance above, just as at Belvidere. 

The second stage in the recession of the ice is marked by the rise of 
the terrace to an altitude of more than 600 feet, a short distance below 
Brick House (Montague), near which point there is a second sub- 
ordinate recessional moraine. While the moraine is not conspicuously 
developed across the Delaware valley, it is well defined just east oi 
Montague. 
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In tlie Delawftie valle; there is relatively little gravel disposed in 
such wise as to indicate thai the drainage whioh deposited it was 
interfered with by the presence of ice while deposition was going on. 
At a few points only is there evidence that stagnant ice maaees 
oocapied the valley while drainage conised throngh it, and that the 
gravel was deposited aboat them. The general freedom of the valley 
from stagnant ice while the deposition of stratified drift was taking 
place, is in striking contrast to the condition of things in the Flat- 
brook valley jnst to the east. The difference is perhaps to be 
aocoonted for by the fact that drainage was more vigorous through 
the larger valley than through the smaller. 

Jn Ote Flat brook vcUUy. — The Flat brook valley, which has a oourse 
essentially parallel with that of the Delaware from Flatbrookville to 
Moatag;ae, ooutaios a very considerable body of stratified drift, which 
in many respects is in striking contrast with that of the Delaware. 
The deposits in this valley are among the most complex and iaterest- 
ing in the northern part of the State. Their especial feature of 
interest is the peculiar top(q^phy which they possess, due principally, 
it is believed, to their depodtion aboat bodies of stf^nant ice which 
lay in some parts of the valley after the nuun ice sheet had melted 
from the adjaoent highlands. While this ioe still occupied the valley, 
dnunage from the ice a little further north coursed through it, bear- 
ing and depositing the stratified drift about and among the ice ma^es. 
This valley ice was probably in connection with the ice sheet at some 
points, and separated from it in others while deposition was going on. 
In the former case, it was perhaps not alt<^ether without motion at the 
time the sand and gravel were deposited about it, though the movement 
may have been so slight as to have bad little effect on the deposition. 
Even where the valley ice was not stagnant at the time the stratified 
drift was deposited about it, it became so before its melting. Its 
final influence on the disposition of the drift was therefore that of 
stagnant ioe. On the other band, some of the valley ice appears to 
have been in the form of isolated masses at the time the deposition 
took phice. These masses were sometimes buried completely by the 
sand and gravel. When the ice melted the gravel deposits took the 
peculiar forms which they now possess. Wherever isolated blocks 
occnrred, either buried by gravel, or completely surrounded by it, 
their melting gave rise to depreeeions. Where the masses of ice were 
very considerable, and especially where they were thick, their melting 



;vGoo»^lc 



34 ANNUAL EEPORT OF 

often allowed the gravd whiob bad been deposited abaul; them to 
sinmp dowD into the depreeaions made by tbeir meltii^. In other 
cases, the irr^ularities of the ioe appear to be reproduced id reverse 
in the sarfaoe of the deposits made against it. 

Good deTelopments of the rough topi^raphy which characterize 
deposits made against st^nant ioe may be seen about two miles above 
Flatbrookville. Here sharp-winding ridges, thickly strewn with 
pebbles, inclose irr^alar hollows, forty to fifty feet deep. The topog- 
raphy is that of a perfect network of insular ridges, which branch 
and cross in the most confused manner. I'he highest of the ridges 
and knolls at this point reaches an elevation of 448 feet, an altitude 
which accords approximately with the height of the gravel deposits 
further down the valley, where they take on the form of normal 
stream terraces. 

In spite of the ronghness of the topc^raphy at the point men- 
tioned, it is clear, when studied in connection with its surroundings, 
that even here there was a tendency, at the time it was developed, to 
baild up the stratified drift t) a certain definite aggradation level. 
This tendency was opposed and its consummation prevented by the 
presence of the ice blocks along the valley. Stagnant ice forms are 
also well developed on the left side of the valley, a mile or so sonth 
of Peters Valley, and again tm the west side of the valley just south 
of the village. 

The stratified deposits which were influenced by etf^nant ioe often 
aesame the general form of terraces. These terraoes differ from nor- 
mal liver terraces primarily in the fact that the slopes which face the 
axis of the valley are not erosion slopes. They are often extremely 
irregular, the irregularities being of the sort which characterize bame 
areas. The upper surface of the terrace is likewise often obsouted 
by a more or less kame-like topography. Such terraces have been 
termed kame terraoes* The terrace form of the valley deposits made 
about stagnant ice oft«n appears only when they are looked at in a 
broad way. It is then seen that, rough aa the surfiuie may be locally, 
there is a somewhat definite upper limit to the whole series of de- 
posits, and that this surface declines in the direction of glacial drain- 
age. On the upper surface, the roughness is due principally to a 
greater or less abundance of depressions below the upper level. 
Where stagnant ioe was very abundant, and in isolated masses, the 

*Annual Report far 1S93, page 15S. 
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depresaions are very Domeroos or vetj hrge. Where ata^aot ice 
vaB at a mitiimnm, the upper earfaoes of the terraces are more nearly 
plane. 

A form of topt^raphy characteristic of this valley and of stagnant 
ice deposits in general is the following : A broad and somewhat 
«wampy flood plain in the axis of the valley is bordered on one or 
hoth sides hy a strongly* marked kame belt a few rods in width. 
This kame belt is lowest near the axis of the valley. It rises in the 
-opposite direction, and Anally grades into a flat-topped terrace, which 
extends to the side of the valley. Examples of this combination of 
formfl are fonod, 1°, north of Wallpack Center, on the west side of the 
brook ; 2°, half a mile south of Layton, oq the east side ; and, 3°, on 
the west aide of the brook just below the second moraine, about two 
miles southeast of Montague. Large, flat-topped kames, io some 
■caaee probably representing the depoeita made in ponda in the ioe, 
■occur, 1°, east of the millpond a mile south of Petera Valley ; 2°, be- 
tween Peters Valley and Layton, and, 3°, north of the second mortune, 
between the headwaters of Flat and Mill brooks. 

The stratified drift of this valley is hardly leaa singular in ite dis- 
tribution than in its topc^^pfay. la some parts of the valley it 
forma a belt a quarter to an eighth of a mile in width, while in othere 
the belt is nearly a mile wide. Its width does not stand in any neoes- 
«aiy relationship to the width of the valley. Where the valley is 
wide, the flood plain may be wide, and nearly free from drift, while 
the bordering terraces are narrow. Close at hand, the flood plain 
may be narrow, while the terrace plain is wide. The stratified drift 
lias the greatest areal development iu the middle oooise of the valley. 

The extreme variability in the width of the belt of low laud along 
the stream is not leaa notable than the variations in the width of the 
4)e!t of atratified drift. Tbua for four or five miles above Flatbrook- 
ville the flood plain is very narrow. It then widens somewhat aud- 
•denly, having in aome placea a width of half a mile; but from these 
Tery considerable widths it sometimes narrowa suddenly to a few rods, 
or even disappears alt<^ther. These sudden contractions in the width 
«re sometimes due to the fact that a great apar or ridge of gravel, or 
a line of kame3,jat8 out from one side of the valley and extends 
acroea it to the oppo«te side. This may be aeen a mile and a half 
below Peters Valley, aa well as at other points farther down the 
stream. 
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Where tbe flood plain is wide, the gravel terraces on either side oC 
it do not usually poeae&s erosion slopee. The slopes are marked by 
knolls aod small hollows, showing clearly that tbe depiesaioD whose 
bottom is marked by tbe flood plain, is not tbe reaolt of poet- glacial 
erosion. Where a wide put of the flood plain bas but little lengthy 
aa is frequently the case, its whole area represents the bottom of s. 
very considerable depression in the midst of stratiSed drift, the only 
outlet being tbe narrow gorge through which the stream flows. In 
such cases it is clear that a great mass of stagnant ice oooupied the- 
site of the depreesion, and that the gravel was depoedted about it, and. 
eepecially between it and the bluffs on either hand. This may b» 
seen east of Peters Yalley. Tbe same phenomenon is repeated again 
and again in tbe course of tbe valley. The maBses of ice which ooco- 
pied snch positions were frequently very irregular, as shown by the 
topc^raphy and outline of the gravel aod sand deposited about them.. 

That there was a tendency toward the development of an aggrada- 
tion level in this valley, in spite of the stagnant ice, is shown by tbe 
oonfiiderable stretches of kame terraces which occur at a few points,. 
and also by a comparison of the elevations which the gravel reaches 
in variona parts of tbe valley. Thus in the vicinity of Flatbrook- 
ville tbe surface of the gravel has an elevation of abont 420 feet ;. 
two miles above, 448 feet ; at Wallpack Center, six miles above, 449' 
feet ; at the millpood, eight miles above, 476 feet ; at Peters Valley,. 
490 feet; at Ijayton, 550 feet; at the moraine a mile above Layton, 
620 feet; near Haioesville, 610 feet; at the second recessional 
moraine t above Hainesville, 740 feet; at the kame terrace north o£ 
the moraine, 640 to 660 feet. (Plate I., Figure 1.) 

Witory of deposition. — The altitude of the terraces in tbe Flat brook 
valley shows several important feels: (1) The gradient of the ter- 
races themselves is less than tbe gradient of tbe present streams. This 
is shown in Figure 1, PUte I. This is the reverse of what is found 
along most streams. An explanation may be foand in the conditions 
prevailing when these deposits were formed, and since. When the 
deposits were made, the Delaware was flooded, and the height of the 
terraces at the mouth of the Flat brook, was determined by the height 
to which the Delaware terraces were built. The cutting in the lower 
part of the Flat brook has kept pace with the catting in tbe Dela- 
ware, but under the present conditions of precipitation, slope and 
load, the stream has not lowered the upper part of its valley at aa 
equal rate. 
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(2) From a point about two miles above Flatbrookville, to Wall- 
pack (font mUee), the t^gradation level is nearly horizontal {b o, Fig- 
are 1, Plate I.) From Wallpaok Center, the terraces rise northward 
hj a gradient which increases very rapidly (s d), as the moraine (tQ a 
Goile Dorth of Laytoo is approadiied. The rise is seventy feet for the 
last mile. With the ioorease of gradient there is a marked inorease 
in the aise of the materials oomposiog the terrace. These relation- 
ships dearly show that the moraine above Layton represents a halt 
in the ioe retreat, dnring which time the gravel deposits, certainty as 
far south as Wallpaok Center, were formed. The topc^raphy of 
these deposits, and the wide, swampy flood plain in the axis of the 
valley, show that more or less ioe lingered in the center and bottom of 
the valley daring the period of depontion, and that the deposits were 
made aroond and between the ice blocks. 

(3) North of the moraine, above lAyton, the gravel terrace is ill- 
defined for some distance, but the gravel appears to be somewhat 
lower than jast soath of the moraine. From this point the terraces 
ascend with increasing gradient («/, ), to the second morune (/), three 
miles above Haineeville, where the elevation is 740 feet. This 
moraine represents a second panse in the ice retreat, during which the 
gravels between the first and second moraines were deposited around 
the blocks of ice which still lingered in the valley. Baring thi» 
time it was probably true that more or less sand was carried down 
the valley below the Layton moraine, but the greater part of the drift 
below lajtoa appears to have been deposited earlier. 

(4) North of the seoond moraine is a kame terrace and kame area, 
100 feet lower than the moiaine (g). This rises to the northward (g h). 
Its position, its elevation and its topography show that it was fmrned 
aAer the ioe had withdraws somewhat from the seoond moraine. The 
behavior of the gravel in the vicinity of the recessional moraine is ia 
perfect keeping with the phenomena in the Delaware valley in the 
vicinity of Belvidere. The reUtions of the stratified drift above and 
below the secondary moraines are such as ta show that there was a 
difltinct break in the deposition of the valley drift above and below 
them. 

The stratified drift of this valley has not the loose texture whioh 
prevails in similar deposits in some other r^ons. The character o£ 
the formations which gave rise to the materials, afforded much clayey 
matter. Indeed, the enrfaoe of the stratified drift is often distinctly 
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clayey. The fine earthy matter of the sarface represents the last 
phase of depoeition of the glaiaal waters. In addition to this, it is 
probable that some of the clayey matter has developed since the drift 
itself was deposited. Much of the drift is composed of slate aod 
«hale, which, on disint^ratioD, gives rise to olose-teztured earth. 
The snrface of the stratified drift in this valley is often so okyey that, 
were it not for exposures, the material would never be suapeoted of 
4)eiDg principally sand and gravel. 

In the MiU brook vaUey. — The Mill brook valley is really acontinu- 
:atioD of tlie Flat brook valley northeastward to the State line. The 
general phenomena of the Milt brook valley are comparable to those 
•of the valley of the Flat brook. There are more or leas diuoatinaoas 
terraces along the valley, rising from 60 to 140 feet above the stream. 
The gravel deposits frequently show form) characteristic of stagnant 
ice deposits, and are frequently altogether independent on opposite 
' sides of the valley. This is true, even where the differenoes can be 
«bown not to be the result of poet-glaoial erosion. This independence 
of levels is well shown on the opposite stdee of the small brookwhich 
joins the Mill brook half a mile soath of the State line. According 
to the topographic map, the gravel reaches a height of 6S0 feet on 
one side, wbile on the other it stands abont 100 feet lower. The 
independence of the deposits on oppDsite sides of the valley is still 
further shown at some points by their presence on one side and their 
Absence from the other, and this where the absenoe oaanat be 
attributed to subsequent erosion. In the valley of Mill brook no 
general f^;radation level can be made out. 

In the Big Flat brook vaUey. — Phenomena similar to those of the 
Flat brook and the Mill brook valleys are found in the valley of the 
Big Flat brook. The sudden widening and narrowing of the alluvial 
plain, the kame-like surfaces, and the irregularity of the stratified 
-deposits in general, are in keeping with those of the main valley to 
which this subordinate valley is tributary. 

In the valley of Pauiviu kiU. — Deposits of stratified drift made by 
glacial drainage are very generally present in the valley of Paulina 
till. From Stillwater to Blairatown, a very considerable part of the 
glacial drainage appears not to have followed the coarse of the kill, but 
to have followed a more northerly course by White pond, and thenoe 
•down Blair's creek. It entered Blair's creek in the vicinity of Hard- 
wick Center, Northeast of this point, the drainage found its way by 
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an irr^alar ooarse unong the bills. The pheDomena along this lio& 
of draicBge correspond with those along the vall^ of the kill. 

More or less stagnant ioe was present in the Faalins kill valJey 
duriog the deposition of its gravels. This is shown— 1°, by the 
various types of kame and kame terrace topc^raphy ; 2°, by the wide, 
swampy flood plain, which is not the reaalt of poet-glatnal eroeioo ; 
3°, by the oooasional outcrops of rook near the bottom of the valley 
below the level of the gravel deposits, bat in positions where post- 
glacial eroeion ooald not have discovered them ; and, 4°, by the- 
kettle-like depressions in the steep slopes of the terraoes where they 
rise above the flood plains. 

The ioe did not linger in all parte of the valley to an equal extent, 
and in some localities the deposits were made in comparative freedom 
from ice interference. Well- marked kames, kame terraoea and oth^ 
stagnant ioe forms occur — 1°, near Hainesbuig; 2°, between Blairs* 
(own, Jaoksonbttig and Kahurama ; 3°, near Swartswood sfatioo ; 
4°, a mile northeast of Bwartswood station ; 6°, a mile soathweet of 
Balesville ; and, 6°, between White and Shnster ponds along a branch 
dnunage line. Above the moraine belt at Balesville the kame topog- 
raphy is marked at points some distance back from the stream, whereas- 
along the kill the deposits form a low, level, broad tenaoe. This- 
latter was probably formed later than the kame terraces, and after tbe- 
ioe bad disappeared from the valley. 

Broad terracee, showing little infinwce of the ioe, ocoor — 1°, abov& 
Columbia; 2°, at Walnut Valley ; 3°, above and below Stillwater;. 
4°, between Augusta and Branobville ; and, 6°, east of Ango^. The 
general level of the broad plain at Walnut Valley is forty feet or more- 
below the highest level (380 feet) of the gravel in the vicinity, and 
the plain south of Stillwater is also about the same amount below the 
highest i^gradatioD level. They cannot, however, be considered as- 
secondary post-glaotal terraces of degradation, as all the data go b> 
show that the erosion along the kill has been little. 

The accompanying profile (Figure 2, Plate I.) shows the elevatioD 
attained by the highest terraces, ta well as the present slope of the 
stream. It must be understood that the terraces do not at all points 
reach this maximum height. The most important of the localities 
where they fall below the general level for considerable distances are 
indicated. As shown by this profile, the upper limit, of the gravel 
rises from Columbia, to a point a mile and a half above HainesboTg 
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(a b on the profile), where a maximam height of 380 feet is reached. 
Then for tve miles, in the vicdnity of Walnut Valley (6 c), the gravel 
cloes not appear to reach higher than 370 feet, and the general level 
of the broad Walnut Valley plain la less than 350. Near Kakrama, 
it i^in reachee an elevation of 380 feet, and ascends by a very con- 
stant gradient of about fifteen feet per mile, to an elevation of 470 
feet a mile above Marksboro (e d). For the latter half of this dis- 
tance the valley is narrow, and only oooasional patches of gravel are 
present. For two miles below Stillwater, the gravel deposits are 
abundant, but most of them are at a low level (440 feet or less, d e). 
Here and there traoes of gravel appear at elevations of about 460 or 
470 feet, the proper aggradation level. Near Stillwater («), the ter- 
races rise by a somewhat abrupt slope from 440 to 460 feet, and then 
less rapidly to 480 feet. Near Middleville (/), the gravd attains a 
height of 600 feet, but a little farther up stream, aooording to the 
topographic map, it does not rise higher than 480 feet. For some 
distance afoove Emmon's station, the gravel is absent entirely, but 
when it i^ain appears it has an elevation of 600 feet or more {g). 
From this height it rises to about 640 feet {g h), in front of the 
moraine (t) near Balesville. 

North of the moraine there are kame terracee at 610 feet (J) back 
from the stream, though along the stream the terrace has an eleva- 
tion of only about 500 feet. The high-level gravels dtsappekr 
near the almshouse, a mile northeast of the moraine, but the 600-foot 
terrace oontbuee up the kill nearly to Lafayette (k n). This terrace 
also extends up the tributary to the kill to Branohville {k I), where it 
reaches an elevation of 650 feet This same low terrace (k m) extends 
northeast from Augusta to the small moraine (n) below Frankford 
plains. The line « t shows the gradient of the kUl from the Dela- 
ware to Lafayette. The line below it I and parallel to it represents 
the gradient of the Branchville tributary to the kill. 

Hittory of depotUim. — From the profile of the higher terraces, 
something can be made oat as to the stages of deposition of these 
deposits. The Balesville moraine marks a pause of considerable 
length in the retreat of the ice, The apparent interruptions in the 
regular gradient at Walnut Valley (6 o) and below Stillwater (d e) 
may be due to earlier and less clearly marked pauses, though this is 
not certain. The high-level kame terrace above the moraine, and 
near the alms-house (j), was clearly built around ice blocks, and is 
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!«ter in origin than the moraine. The lower terrace {k, n) has bat 
little of the stagnant ioe topogtap\ij, and was formed later than the 
liigher t«mtoe, and after the ioe had mostly disappeared from this 
part of the yallej. 

The email moraine northeast of Augusta marks a second st^e in 
the history of the valley deposits. Keferenoe to the farther stages of 
deposition along this sub-valley will be found below in oounection 
with the stratified drift of the Papakating. 

CbnefiMion. — The gravel of the Pauline kill valley is made np 
<^iefly of shale and limestone, with varying quantities of Oneida and 
Medina pebbles. The percentage of shale and limestone varies accord- 
ing as the stream flows on tlie one or the other formatinn. Much of 
the gravel is clayey, rather than loose and sandy, and the snrface is 
not infrequently till-like. Good exposures are found between 
Columbia and Hainesbni^, along an inoompleted railroad grade; at 
Blairstown ; along the nulroad above Marksboro and at Stillwater, 
in the abandoned railroad cut. 

In size the material varies from sand to large oobbles. The fine 
and coarse material ie in general more or lees indiscriminately inter- 
«tratified, although there are localities where the one or the other pre- 
dominates. There is no marked diminution in the size of the material 
towards the lower end of the valley. 

In the vaUey of Papakating ereek. — In the upper part of the Papa- 
kating valley there is little stratified drift. Where the stream turns 
from a southerly coarse to a northeasterly one, it enters the strike 
valley, which is really the continuation of the valley occupied by 
the Paulins kill from the Delaware to Augusta. Here there is a very 
oonsiderable body of stratified drift. This continaes northeastward, 
with some interruption, to Deckertown and beyond. 

That the gravel deposits of this valley were made when ice filled 
its center and lower parts at many points is shown — 1°, by the topc^- 
taphy of the deposits ; 2°, by their position, high on the sides of the 
valley much above the stream ; 3°, by the wide and somewhat swampy 
flood plain, which is not of post-glacial origin ; 4°, by the bare out- 
crops of rock and the deposits of till along the bottom of the valley 
below the gravel deposits, where their surronndings are such as to 
forbid the supposition that erosion has removed overlying stratified 
deposits. All data point to a minimum of eromon along the Papa- 
kating fflnoe the ice disappeared. The stieam has been engaged rather 
in filling the hollows left by the ioe. 
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At Frankford Plains, a mile and a half northeast of Augusta, there 
IB a well- developed gravel flat which appears to be a delta. This i» 
indicated b7 the aurftce, and more particularly hy the nature of the- 
frontal slopes of the plain, They are steep and lobate, and their 
topt^raphy is not the topography of erosion. It is believed that a- 
little lake or pond must have existed here at the time the delta wa» 
developed. A small moraine Grosses the valley just below Frankford 
Plains, a mile or so northeast of Augusta, and this may have seived 
as the barrier which held the lake on the south side. Through this- 
moraine there is now a narrow erosion channel, which may have been 
developed in post-glacial time. To the west and northwest, the pond 
was probably held in by the shale bills. The gravel is deposited 
against the hills in sach wise as to indicate that this was the fact. On 
the southeast, east and northeast, it would appear that the pond wa» 
held in by ioe. The material for the delta was supplied by drainagfr 
from the ioe to the northwest. 

In the Papakating valley there are Eome very prononnoed kame» 
just east of Papakating etation, and still others a little iiirther op the' 
stream a half a mile or so east of the delta at Frankford Plains. 
There are well-developed kame terraces along the west branch of tbfr 
Papakating in the vidnity of Beemerville and Plumstock. 

The profile of the deposits in this valley is shown as a oontisnatioD 
of the Faalins kill deposits. (Figure 2, Plate I.) The Fapakating^ 
valley drains northward. As the ioe retreated northward, and down 
this valley, the draimtge must have either been, 1°, towards and 
osder the ice (very improbable); or, 2°, ponds most have been 
formed in the valley in front of the ioe, the drainage escaping to the 
sooth. 

As shown above, the facts indicate that a lai^ part of the valley 
was filled by stagnant ioe. Ponds, if formed, must have been long 
and narrow, and in general situated between the ioe which oconpied 
the axis of the valley and the aides of the valley itself. 

With the exception of the delta at Frankford Plains, the top(^;rapby 
of the high-level deposits does not indicate that ponds had any oon- 
siderable development. As shown by the profile, the a^radatioa 
level from Frankford Plains to the high terraces southeast of Wood- 
bonrne rises slightly (from 525 to 540 feet in six miles), though over 
much of this distance the gravel deposits do not reach this level, 
whereas there are well-marked kames and kame terraoee at 450 feet^ 
470 feet and 480 feet (q r), according to the topt^raphic map. 
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History of deposition. — The following ioterpretation may be put 
upoD the aggradation levels of tlie highest terraoee : 1°, a stage of com- 
paratively rapid retreat of the ice from the poeition of the moraine 
northeast of Angusta to a point a little above Fapakating (Pellet- 
town), followed by the formation of the deposits between these 
points (p o) at elevations of 525 to 531 feet ; 2°, a probable second stage 
of rapid retreat, and then a pause, daring which the deposits from near 
Boy's station to near Woodboume were formed, represented by the 
^gradation level from 4S0 feet to 540 feet {q r). The rapid rife 
from 460 to 540 may be accounted for by the material brought dowD 
the little Papakating at this point (r). As will be seen later, deposits 
at levels accordant with this extend ap the Littie Fapakating for some 
distance above Woodbonrne. 

The stratified drift of the Clove river valley, mnniog north from 
Deckertown, corresponds in general diaracter with that of the Papa- 
kating valley. The kame terrace and kame type of valley drift is 
shown with special distinctness a mile or so north of Deckertown. 

In Ou valley of Beaver brook. — The stratified drift of Beaver 
brook, which joins the Peqnest a little above Belvidere, is usually 
disposed in the £>rm of normal terraoee, rather than in the form of 
kame terraces. Barely does the drifl of this valley behave itself in 
such wise as to indicate that standing ice occnpied the valley to any 
considerable extent at the time it was deposited. Here and there, 
however, its presence is indicated. 

In the Peqwat vaUey. — The stratified drift along the Peqnest river 
is more extensive than along any other valley (>f northwestern Ntw 
Jersey. It was formed under varied condition?. ' In many instano e, 
fbe forms and the disposition of the stratified drift are so characteristic 
that the history of its deposition can be readily made out. Tie 
accompanying profile (Figare 3, Plate I.) gives a generalized view of 
the relations of the deposits and the present drainage lines from Dan- 
ville northeast to Deckertown. This profile aids much in obtaining 
a clear understanding of the history of deposition. 

Below Danville, the terminal moraine oocnpies much of the valley 
to the Delaware. Between Fequest Furnace and a point a mile sonth 
of Townsbury, the moraine lies to the north of the valley. Previons 
to the formation of the moraine, a tongue of ice projected down the 
valley beyond Peqnest Furnace to Oxford Fnmace or beyond. As 
this ioe tongae melted, and while it still occupied a part of the valli y, 
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the gr&vel deposits betveeD Oxford Funmce and the moraine were 
formed. Stagnant ice forms are more or less well developed. The most 
characteristic are the nigh, terraoe-like ridges near the Wanen connty 
poorbonse, one and three-qnarter miles south of Townebnry. These 
were probably fonned in a crevasse in the ice. All the stratified 
depoeite north of the moraine are slightly later in origin than these 
gravels. 

At Danville the moraine formed a dam across the valley at an ele- 
vation of about 650 feet. The result of this dam was the formation 
o£ a lake north of the moraine, at a height of about 650 feet This 
lake occupied the area of the Feqaest meadows and the Qoaker Set- 
tlement as far northeast as Tranqaility. Its maximam length was 
about eight miles and its greatest width two. Its depth probably did 
not much exceed thirty ieet. The humus and allnvium of the 
Feqaest meadows (a b), at an elevaion of 514 to 526 feet, are the 
deposits made in the deeper parts of this lake, the homus being formed 
chiefly after the outlet across the moraine had been so far cut down 
as to transform the lake into a swamp. At tiie Qnaker Settle- 
ment (6 o), the deposits oonsist of silt and fine sand, having an aver- 
ts elevation of aboat 550 feet, or a little less. These are the 
shallow-water deposits made by the glacial streams. When these 
deposits were made, the ice had withdrawn some distance to the north- 
ward, and even the isolated ice blocks had practically disappeared 
from this immediate r^on, 

■ Id this area there are some gravels which belong to a somewhat 
earlier period. Small kamee of coarse gravel and sand rise to heights 
not exceeding twenty feet above the general level of the fine sand 
deposits. These kames are of a totally different lithological oonsti- ' 
tution, and are much ooarser than the lake deposits. They mnst 
have been made under entirely different conditions. The size of the 
coDstituents of these gravels, their poor stratification, their slight 
wear, and their topographical relations, indicate that they were de- 
posited before the sands and silts which surround them, at a time 
when the ioe was in the immediate vicinity. In addition to these 
kames, knobs of limestone, practically bare of drift, rise above the 
general level of the.plain, 

Tomirds the upper limit of the Quaker Settlement plain, as the 
sor&ce approaches an elevation of 650 feet, the sand and silt 
grade into fine gravel, and stagnant ioe forms are found. They 
are here lees strongly marked than farther up the valley. 
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The glacial drainage which poured into the Peqnest meadows lake 
entered from two main lines. One was along the valley extending 
from G^many Flats southwest through Andover Junction and 
Hnntsville, to the Pequest river. In places this main channel was 
split up into several subordinate onee, connected by cross-lines of 
drainage. The other main line was along the valley extending south- 
west from KewtoB to Hunt's Mills, and down the valley of Bear 
oreek through Johnsoobnt^. These two main belts of stratified 
drift are connected by a cross-belt between Springdale and Hnnts- 
ville. The profile (Figure 3, Plate I.) follows the main line first 
mentioned. 

Ab is shown by the profile, the depouts rise regnlarly and gradu- 
ally from an elevation of about SdO feet at the upper edge of the 
Settl«nent, to a height of 615 feet or more near HuHtsville (o d). 
Just above Hnntsville, the higher terrace (615-620) plays out against 
the hillside, but above Brighton a new, broad terrace level b^ns at 
Ao elevation of 683 feet. This level extends north through Spring- 
dale, and passes into the plain southwest of Newton (630 feet). The 
same level also extends northeast to Germany Flats (e /), rising 
Ateadily in that direction. 

The ending of the higher level (e d) near Hnntsville and Brighton, 
«nd the b^inning of the lower tenaoe (e J) just north of Brighton, 
point to two st^es in the formation of these deposits. Daring the 
first stage, the gravel below Brighton and Hnntsville was deposited. 
Sufficient ioe remained in the valley to hold the glacial waters to an 
aggradation level rising to 615 or 620 feet jnst above Huntaville. 
At a somewhat later period, melting had pri^ressed farther, and the 
glacial streams built the terraces and p^ns stretching north and 
northeast of Brighton at a slightly lower a^radation level. There 
as nothing in the nature of a recessional moraine at the point? where 
the interruption occurs, sach as has been formed in some of the other 
valleys where distinct stages of deposition can be made out 

Aeoording to this interpretation, the gravel deposits (b d) from 
Brighton and Hnntsville to the Peqnest meadows, are contem- 
poraneous. Those of the Settlement (& o) were lake deposits, and 
those between the Settlement and Brighton (c d), the deposit of 
rapid glacial streams. The kames rising above the silts of the Settle- 
ment belong to a slightly earlier time. 

The second aggradation level (e f) rises from an elevation of 683 



;vGoo»^lc 



36 ANNUAL REPORT OF 

feet near Brighton to a beight of 603 feet near Long pond, 613 fert 
near Iliff'a pond, 623 feet near Soaaez Mills (east of Malford Station), 
639 feet northwest of Woodniff'a gap, 640 feet at White lake, and 
660 ieet at the outer border of the moraine. At lake Grinnell the 
rise is very regular and nnint«rmptecl. It mnst be remembered,, 
however, that the line in the profile does not represent the actaal sor- 
faoe of the terrsoee. It is the aggradation level represented hy oom- 
bisisg the maximiua elevations of the terraoes. 

The moraine at lake Grinnell marks a well-defined pause in the- 
ice retreat. While the active ioe edge stopped at this point, the gravel 
deposits as far BOathweat as Brighton were formed. Large ice blocks- 
laj in the center of the valley, and the waters deposited sand and 
gravel aronnd them. The sites of the largest of these blocks are now 
marked by the row of ponds and marshes from Andover Jnnodon to 
the moraine. Long pond is reported to have s depth of over 100 
feet. 

For a mile above the moraine, kames and kame terraoes border the 
stream. They are of massive due, but their heights, 643 to 620 feet,, 
do not permit them to be oorrelated with the deposits sonth of the 
moraine. They may be oontemporaneous with the moraine, but 
more probably were framed a little later, after a slight retreat of the' 
ioe edge. 

7\/pe8 of topography, — Broad pliuns, formed in standing water, are 
represented by the Quaker Settlement plain. Terrace plains, slightly 
intted by kettles, but, in general, formed quite independently of ioe 
action, are present along the Peqaeat, and along the railway sonth- 
west of Hantsville. The greater part of Germany Flats shows the- 
same type of topc^rapby, bat here the pUun is inlerrapted by exten- 
sive ponds and swamps. In many cases the minor features of stag- 
nant toe topt^aphy are well shown on the sides of the kettles. Tfa^ 
may be seen along the Lehigh and Hadson River railway. 

More strongly-marked kame terrace forms, comprising kettles^ 
winding ridges, and narrow temtcee bordering the rock hills, are well 
developed east of HuatBville and Brighton, around White's pond,. 
Hewitt's pond and Long pond. 

Near Brighton there are good examples of bare rock ledges at 
levels lower than the gravel deposit?, and in localities such that 
erosion cannot be supposed to have removed a gravel covmng. 
They must have been covered by the ice when the gravel terraces' 
were deposited. 
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Bigcordance between glaeial drainage and pretmt rireama. — ^The 
glacial streame flowed Boathwest, as is ehowD by the slope of the ter- 
racee. In some looalitiee the present stresms flow in directions 
-opposed to this slope. This is shown on the profile. The sonth- 
westeiD extension of Crermany Flats is drained hy a branch of the 
Pequest {h i) whose headwaters are jnst above Iliff's pond. The 
main part of the flats is drained hy two streams (J and k), one flowing 
northeast, the other soathwest They anite at Sparta Jonction and 
leave this valley by a cross- valley to the northwest. The upper part 
■of the Flats drains into the Wallkill in a direction (Z m) oontrary to 
the slope of the terraoee. These streams were located not by the 
^neral slope of the terraces, bnt by the slopes of the lowest passives 
along the valley in the npper part of the Flats. This was oontiary 
to the slope of the upper sur&ce of the terraces. 

The second main glamal drainage line via Johnaonbttrg, Hvm^a 
MiUa and Newton. — South of Johnsonbarg, the stratified drift forms 
a broad plain, having an elevation at its lower limit of about 560 
feet, but rising northward to 680 In the vioioity of Johnsonbuig, 
The aggradation level rises northeastward along Bear oreek, reaching 
a height of about 632 feet in the vicinity of Hunt's Mills. Still 
farther northeast, near the swamp, it attains an elevation of 639 feet. 
For some distance along this large swamp gravels are absent, but 
near its northern end they occur, and reach an elevation a little lees 
ihan 640 feet. So far as ooutd be determined by the map they are 
«lightly lower than those farther soathwest. At least they do not reach 
the height to which the natural increase of slope would carry them. 
The gravels from near Hunt's Mills to a point below Johnsonbarg 
may correspond in time of deposition to the gravels southwest of 
Brighton, while'the gravels northeast of the swamp, extending to 
Newton, with an aggradation level between 620 and 640 feet, may 
'Oorrespond to the second stage of deposition in the other valley, viz., 
that from Brighton to the moraine. Data are hardly definite enough 
to warrant positive assertion, 

l)/pea of topography in the preceding bell. — South of Johnsonbarg, 
the stratified deposits form a gently- undulating plain, whose even 
Bnrfaoe is but slightly interrupted by shallow depressions and low 
knolls. Much of the same topography is shown north of Springdale, 
but here the hollows due to blocks of ice are more pronounced, 
Kear Hunt's Mills (Washrngton), the gravel area ia surrounded by 
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irr^;n1ar hills of limestone. Its continaity is interrapted hj knolls 
or look-islands in the gravel plain, and hy hamaa-filled hollows. 
The general tapographj is due to a combination of stagnant ice forms 
and limeetone knolls. From the northern end of Bear swamp to 
Newton, via Maoksbaw pond, a distance of over three miles, varioti» 
types of stagnant ioe forms occnr. Lai^ kettles and flat-topped 
kames are common. Over much of this area, also, limestone bosses 
and hills project through the gravel plain. 

Jast south of Newton, in the outskirts of the village, the topog- 
raph; of the stratified drift ia extremely kame-like. Hillocks and 
hummocks having a relief of twenty-five feet follow one another in 
quick Bucceesion, with but little r^ard for a common aggradation 
level. Ever and snon, however, the a^radadon level appears in 
the form of a weU-defined, even if narrow terrace. This is shown in 
the vicinity of Drake's pond, southeast of Newton. The pond itself 
ocoapies a large kettle, which is apparently the site of an ice block. 
The minor inequalities in the outline of the ice are well marked in- 
reverse hy the knolls and depressions on the sides of this lai^ 
kettle 

Stagnant ice forms are also well shown along the narrow belt of 
gravel between Brake's pond and Stickle pond. The characteristic 
narrow terraces, flat-topped mounds, and ridges, are also well ahown 
around Muokshaw pond. 

Constitidion of the ^nzee^.— The hulk of the gravel in the Pequest 
system is composed of shale, sandstone and grey wacke (Hudson River), 
Limeetone pebbles and cobbles are abundant in some exposures, bat 
tbdr abnndanoe is variable. The larger cobbles are commonly of 
Oneida and Medina. A few gneiss pebbles occur. The gravel i» 
generally well rounded and water-worn ; but striated cobbles occur^ 
thongh not in great numbers. Occasional masses of till are included 
in the gravel, but snob oocnrreoces are rare. In size, the material 
varies from fine aand to ooarse gravel or cobbles. Layers of the 
finest sand are often interstratified with coarse gravel. Where stag- 
nant ioe forms are best developed, the gravel is apt to be coarser than 
where they are absent. Oxidation has penetrated to depths of three 
or four feet. Over much of the area the surface is clayey. The 
greatest known thickness of tbe gravel is forty-five feet, at which 
depth its bottom was not reached. 

In the W<^kill valley. — The Wallkill head ^ in a swamp southwest 
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of Sparta. From this point north to the State line, the stream is 
bordered intermptedly hj considerable deposits of stratified drift, 
which assume now the form of kamee, now of kame terraces, and now 
of less readily- classifiable forms. On the whole, stratified drift b 
less abundant along this valley than aloi^ any other ec|nal]y large 
drainage line in the northwestern part of the State. 

At Sparta, near the head of the vall^, oocnr lai^, massive k&mes, 
which rise 60 to 110 feet above the kill. Much of the material of 
this kame area is very ooarae ; bowlders up to five or six feet in diame- 
ter occur ; much of the material is anworn, and still retains striee. 
There are no traces of an aggradation level. These faets indicate 
oonditioBS of depoeitien somewhat different from those attending the 
formation of kame terraces. They were doubtless formed when the 
ice stood in the immediate vidnity. Above Sparta, and from that 
point to Ogdensbnrg, the Wallkill has a winding course through a 
swamp. Locally the lowland has a width of half a mile or more. 
Through this part (tf Us coarse the river has done no cutting in post- 
glacial time, bnt has devoted itself to the eilting np of the wide val- 
ley or depree»on which was left when the ice receded. 

At (^densbnrg a triangular embankment ofstratified drift extends 
nearly across the valley from the eastern bluff. This gravel ridge 
was referred to in (he Geolc^ of New Jersey, 1868, 'and again in 
the annual report of the State Geologist for 1S78. It was described 
at some length id 1880 * Professor Cook wrote of it as follows : 
" It Is a conspicuous featare of the landscape and affords beautiful 
views of the valley, both north and south, and it serves as an em- 
bankment for the New Jersey Midland railroad (New York, Snsqu&- 
banna and Western) crossing the valley of the Wallkill. Its (aver- 
age) height is 660 feet above the sea and 100 feet above the mud 
level along the kill. The village of Ogdensbnrg s'aads partly on 
its eastern end. Its length, measured on a straight line directly acrocs 
the valley, is three-quarters of a mile." 

At its easteni end where it joins the bluff the embankment has a 
width of nearly three-quarters of a mile. It narrows steadily to the 
west and at its western extremity, near the kill, its width along its 
crest is only two or three hundred yards. Its shape is, therefore, 
nearly triangular, and the apex of the triangle is ao near the western 
aide of the*valley as to leave but a narrow passage for the Wallkill. 

* Annaal Beport of tbe State Geologist, page 51. 
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If the embankment once extended across the vallej ao that its western 
end reached the western bluff, it mast have constituted a dam, and 
have given rise to a lake occupying the flat to the sontli between 
Ogdensburg and Sparta. An examination of the gap between the 
west end of the drift embankment and the bloff to the west, does not 
make it altogether dear how much, if any, of the present gap is the 
refiult of poet-glacial erosion. The difficulty of determination is 
enhanced by the fact that there has been much filling at this point by 
human agency, especii^ly in oonneotion with the oonstraotion of the 
railway. Such data as are available seem to indicate that the maxi- 
mum amount of catting which has occurred in post' glacial time is 
probably not more than twenty feet. It can be stated with some 
degree of confidence that the eihbankment did not extend across the 
valley at its maximum height. Any water which may have been 
held back temporarily in the area south of Ogdensburg cannot have 
had great depth. 

The top of the embankment slopes gently west^ward. In places it 
is somewhat undulatory, and semi-kame-like in topography. Its 
steep north and south slopes are marked by sl^low depressions and 
low swells, which give a clue to its ori^n. Slopes with aaoh topogra- 
phy, and in such relations, conid only be found where the gravel was 
deposited against an irregular surface of ice. This embtuikment is 
believed to have been formed in a wide crevasse in the ioe body 
which occupied the valley at this point, while the stratified drift was 
being laid down, Sach a crevasse would be likely to be wider near 
the side of the valley where the gravel entered, than toward the 
center. The ice walls between which this deposit of gravel is believed 
to have been made, could have had little or no motion ; otherwise 
the regularity of the deposit would have been destroyed. 

The gravel of the ridge is coarse, although much fine sand is 
present. Bowlders, even large ones, are oooaeional. Many of them 
are striated. As shown by various exposures in the ridge, thick beds 
of conglomerate have been formed by the cementation of the gravel 
by lime carbonate. 

Following down the valley, there is little stratified drift from 
Ogdenshnrg to Franklin Furnace. North of Franklin Furnaoe 
there is no continuous body of stratified drift immediately adjacent 
to the kill for some diatance. There are some small areas of stratified 
drift between Franklin Furnace and Hardistonville, a little out of 
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the Tftlley, Some of these have forms which suggest that tbey aie 
delta deposits made ia local lakes or ponds. If saoh bodies of water 
existed, they must have been held in on one or more sides by 
the ice. 

An interesting deposit of gravel of considerable extent ooonrs in 
ifae vicinity of North Church, reaching eastward eBsentially to the 
Wallkill. The stratified drift is here composed of sand and gravel, 
and constitntee a flat-topped plateaa which extends as far west as the 
-old North Charoh. It is believed to be a delta, and may be called the 
North Church delta plain (see profile, Figure 3, Plate I.) This pliun 
is a striking feature in the landscape. Its greatest width from east to 
weet is a little more than a mile and three-quarters. Its greatest 
length from north to south is five-eighths of a mile. The top of the 
plain is generally flat, but it is occasionally broken by a few broad, 
shallow depi«asions, On the whole its upper surface slopes very 
^ntly from north to sonth. 

Along its southern and eastern margins, its outline is lobate. 
Typical delta fronts, with steep slopes and well-marked lobes, are 
tiaely developed. Their heights vary considerably. Near the North 
'Chorob school- house, where the plain fronts the swamp, the abrupt 
■slope is Dearly 100 feet high. Eastward the height diminishes rap- 
idly as the aorfooe in front of the plain rises, until at a point north 
of Franklin Junction, the front slope is not more than twenty feet in 
h^ght. But the front is here just as clearly a constructional slope 
'built into standing water, as is the higher front farther west The 
lobes are clearly outlined, and the re-entrant angles are deep and nar- 
row. While the height of the ironts increases farther east and north- 
•east, it nowhere becomes so high as near the North Church school- 
house. The height of the front, at different points, was determined 
by the depth of water into which the delta was built, and this varied. 
With one exception kames and kettles do not exist along the front 
■of the delta on its south and east sides. Near the sobool-hoose, 
however, there are a few small hillocks on the side of one of the 
7e-entrant angles. 

The northern slope of the plun is very different from the southern. 
Here the plain suddenly breaks up into a succession of massive hil- 
locks and deep kettles at a level considerably lower than the top of the 
plain. Some of the kettles are as much as 80 feet deep, Nowhere 
«lse in Sussex county are the kanes developed on a more massive scale. 
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Unfortanately mudi of tlie area is covered with timber, and therefore 
a good view of the whole assemblage of hills and hollows ie impoesi- 
ble. Sowlders and large cobbles are much more sbnodant on the 
kames than on the sarfsce of the plain iteelf. Nothing can be more 
clear than that tbe conditions which prevailed on the northern flank 
of the plain dnring its construction were totally nnlike thoee which 
controlled tbe development of its soathern elopes. Jost as the regn- 
lar slopes and lobate margioB on tbe south tell of the advance of the 
delta into a lake, and of deposition unhindered by ice, aj the knolls, 
ridges and kettles of the northern slope indicate deposition against 
ice of very irregular outline. There can be little doubt that tbe mar- 
gin of the ice stood where tbe kamee now are when tbe delta plain 
was formed. 

While exposures are for the most part wanting, so that the stmc- 
ture of this plain cannot be made out, all available data seem to point 
to the oonclusion that it is really a glacial delta, built in a temporary 
lake, whose surface had an altitude of 620 to 630 feet, 

Kames have a strong development a little farther down the valley 
to the north. The kames become exceptionally abundant and most 
prononnoed just southwest of the Hamburgh station of the Lebigb 
and Hudson Rivei railroad. Just here is a small but marvellously 
complex area of hillocks and kettles. This particular spot affords an 
exhibition of. the most pronounced kame topography in New Jersey. 
The kettles are nearly circular, and their rims are practically 
unbroken. The hillocks are equally perfect in their dome-ahaped 
outlines. The vertical relief within a few rods is oflten as much as 
forty feet. Measured from the top of the largest kame to the bottom 
of the nearest kettle, the relief must be as much as 80 to 100 feet. 
This kame area is continued northeastward across tbe river into tbe 
southern part of Hamburgh. It extends a mile farther down the 
valley toward McAfee, and is more or less continuous with deposits 
found all along the valley from McAfee to the State line. 

Returning now to the North Church area, a narrow belt of 
kames stretches thence northward to Deckertown (n o, figure 3, 
Plate I.) This belt of kames does not lie in tbe valley of the Wall- 
kill, but is closely associated with it. This belt can hardly be called' 
a kame terrace, for no terrace level can be made out, though the 
kames often reach essentially tbe same level. On the whole, they rise 
to the north. Now and then kames are so connected as to suggest an 
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eeker, bat no well-formed eeker is developed. The kame topc^raphy- 
iB often atroDgly marked, there being eomedmes a relief of as macb 
as eigbty feet within abort distances. The gravel sometimes lies 
gainst the hills, bat more commonly is separated from them by a 
narrow depression. The position of the kame belt, with regard to the 
sand plain at North Cbnrch, indicates that the kame belt was built 
along the oonrse of the stream, whioh, at its month, formed the delta 
plain. The formation of the two may have been ooatemporaneoDs, 
bnt more probably the plain was oonstractod first and the kame belt 
to the north later, as the ioe receded. 

This kame belt affords the best opportunity known in Sussex 
county for studying the effect of a change in the surrounding rock 
upon the constitution of the gravel. The kame belt is bordered on 
the east by limestone hills which are nearly fi^ from drift. Lime- 
atone also borders the kame belt on the west, save for a mile near the 
north end. The contact between the shale and the limestone oroeees 
the kame belt obliquely near the Papakating oemetery. The northern 
extension of the gravel area to Van Syckles is throagh an area of 
shale. 

Exposures at intervals of a mile give opportunity for noting the 
change in the constitution of the gravel. These exposures show that 
the underlying formation makes itself felt promptly in the stratified 
drift, and that the shale becomes lees and less abundant aft«r the 
depositing waters crossed the junction of the shale and the limestone, 
flowing out upon the latter. The change is more notable in the 
coarse than in the fine part of the gravel. 

Near Beckertown there is another gravel and sand plain, lybg a 
little east of the village, which appears to be similar in many reepeots 
to that at North CSinrch. Its greatest diameter is about one mile. 
Its aven^ elevation is about 100 feet below that of the North Church 
plain, and at about the same elevation as the kame terraces southeast 
of Woodboume, two miles further east. The plam rises from the 
lowland in ixont of it by a very steep slope 80 to 100 feet in height. 
Its southern margin is lobate, and the lobee reeemble delta fronts. 
The characteristic outiinee of stagnant ioe topography are not present, 
bnt in two places the lobes of the plain appear to have been built out 
so as to reach and partly bury kamee which were earlier formed. 
The delta fonn is not so distinctly marked on the summit. Instead of 
bdng flat or gently sloping, it is pitted by sinks and kettles twenty- 
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fire fert to forty feet deep. One kooU riaes ten feet above the general 
level. Ineqaalities are less atrongly developed near the front of the 
plain than a little distanoe back from the edge. The northern and 
northeastem, or inner slope of the plain, is strongly kame-like. In 
this respect also it is like the North Chnroh plain. . 

Northeast of Deokertown there is a long, narrow belt of kamee 
{p q, Figure 3, Plate I.) standing in mnoh the same relationehip to 
the Deokertown plain that the Deckertown-Hambargh belt does to 
the North Church plain. This kame belt is separated from the 
northeastern end of the plain hy a broad alluvial flat Frequently 
An aggradation level is suggeet«d, the highest knolla readung a com- 
mon level. Its general gradient is about sixteen feet per mile, slop- 
ing to the southward ; that is, sloping in a direction contrary to the 
present coarse of drainage. The sand and gravel are sometimes dis- 
tinctly separated from Uie shale knolls on either hand, though they 
eometlmes rest i^ainet the rook hills. The long, narrow form of this 
belt of stratified drift suggests an eeker, but the definitive topc^^phy 
is wanting. The belt is composed rather of a sncces^n of roanded 
or slightly elongate and somewhat isolated hills of gravel and sand 
arranged lineally. 

A mile south of Quarryville, on the east side of the brook, there 
is an embankment of gravel jutting out from the hillside into the 
valley, afler the manner of the Ogdensburg embankment, thongh 
on a moch smaller scale. This also probably r^wesente a orevaaee- 
filling in the ice. 

On the east side of the Wallkill, above Hambnrgh, gravel has 
little development for some distanoe. It is often absent alt(^ether. 
Due east of Deokertown, and half to three-quarters of a mile north 
of Independence Comer, there is another huge, spur-like embankment 
of sand and gravel projecting out into the Wallkill valley from the hill- 
aide on the east. The main part of the embankment is triangular, 
the base of the triangle being against the east blnfiT of the valley, 
while the apex is half a mile to the northwest. The embankment 
■closely simulates that at Ogdensbui^, and is believed to have had a 
similar origin. 

On the west side of the Wallkill, from Vernon to Olenwood, there 
are isolated kames, oflen separated from the valley bottom by hills 
ihinly covered with till. The relation is such as to indicate that ice 
occupied the center of the valley, which is now covered by alluvial 
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deposits, and at the same time the lower elopes of the hills ap to the 
bottom of the present gravel deposits, while the latter were making. 

In the Vemon valley. — Stratified drift deposits oocor interruptedly 
from Hambni^fa to the State line id the Vernon valley. From Ham- 
burgh to Bndeville the stratified drift takes the form of kames, or 
sometimes of kame terraoes. At McAfee, there is a fine development 
of the kame topc^raphy. Kettles twenty to thirty feet deep are- 
closely associated with hilts of corresponding dimensions. A good 
view of this kame and stagnant ioe topc^rapby can be obtained from 
the hill opposite the hotel at McAfee. 

From McAfee to Sand Hills the kame and kame terrace topography 
is oontinaonsly developed. The name — Sand Hills — is derived irom 
the huge hills of stratified drift in the immediate vicinity. A 
group of the hills near the station rises 150 feet above the level plua^ 
and the kame terrace to the north is even higher. 

The stratified drift in this region frequently attains a considerable- 
thicknees, being in some places more than 100 feet. Where it extends 
around limestone hills, great variations oooar within narrow limitp, 
so that its thickness is exceedingly irr^;nlar. 

A comparison of the heights of the aggradation levels in various 
parts of the valley shows a aontliward slope of about ten feet per mile. 
This is true for that part of the gravel area from the Sprague school- 
house, southwestward to within half a mile of McAfee, where the 
aggradation level is better developed than at many other points. 

Id this valley, as in other valleys of Sussex county, the stratified* 
drift deposits do not hold, thronghont the valley, a oontinuoos a^ra- 
dation level. A distinct grade can be made ont for a certain eeotion- 
of the valley, but the grade level for one section seems to be lai^y 
or alt(^;ether independent of the grade for.tlie sections above and 
below. The lack of correspondence in the level between the gravels- 
about Sand Hills and those south of McAfee, seem to point dearly to 
a different time of origin. The 600 to 620-foot plain three- quarters- 
of a mile soath of McAfee, was probably formed earlier than the ter- 
race farther north, and before the ioe had freed the northern part of 
the valley, The great mass of kames at McAfee (560 feet) cannot 
be connected with the aggradation level of the area farther north, nor 
does it agree with the well-marked levels at any point farther soath. 
The general rule seems to be that the gravels in a certun section of 
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the valley were depoeited while the ice edge stood in a given poeition. 
The ioe then retreated farther north, and the section freed by the 
retreat had gravels depoeited in it. In the seoond section, !^;rada- 
tion sometimee built np the valley gravela to the height of thoee in 
the section below, and sometimes not. Still farther retreat of the ice 
freed a third section of the valley, in which deposits were made. 
These deposits in turn may have failed to reach the levels of those 
made in other sections at earlier times. 

In this valley, as in several others in northern New Jersey, the 
aggradation level slopes to the southward, while the present drainage 
is in the opposite direction. Northward- flowing drtuni^ was estab- 
lished when the ioe finally disappeared from the valleys. 

From Sand Hills north to the State line there is relatively lil^e 
gravel. At some points, as neat Maple Orange, the gravel is confined 
to the slopes well above the valley bottom, while at the base of the 
dope below the gravel till appears, as shown in Figure 1. This 
woald seem to indicate dearly that the area where till now occnni 
was covered by ice when the gravel was deposited. 




ViK. 1. 

Profile illDBtrating the crosB-aacdon of Vemou vailej, near Mapl« Onage: a a, 
-gravel and sand; bb, till; ce, alluTiDm xnd peat (depths perhaps too great); 
dd, limeatone; ee, crTataJline BchisL Horizontal scale, 1} inches per mile; vertical 
scale, aboot five times as great aa the horizontal. 

in the Musoondaong valley. — The gravel below the moraine in this 
valley was referred to in an earlier report.* Above the moraine, the 
stratified drift is abandant as far as Stanhope. In some places it 
takes on the form of kames. In others its disposition is more regular, 
though a kame-like habit is somewhat persistent. 

Gravel also occurs intermptedlylalong the valley of Lubber's run, 
a tributary to the Musoonetoong, which joins the latter two miles 

"Report for 1892, pag« 12e. 
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below Stanhope. In this valley the stratified drift ie far from con- 
tiDuooB. Above Boeeville it has the irr^;ol8r form which tells of 
depositioD f^ainat ioe. Stratified drift also exists along the valley of 
the tributary to Labber's ran, coming down from Wright'a pond and 
beyond. 

In the Pequannock-Sookaway vaUey. — In the Pequannock valley, ■ 
stratified drift deposits are well developed from Newfocndland to 
Mooaeback pond. The stratified drift of this part of the Peqiuui- 
nock valley is oontinaons with the narrow belt of stratified drift 
which stretches down the fiockaway to the moraine at Fort Oram. 
This belt of stratified drift is one in origin, although it is now diabed 
by streams flowing in opposite directions. 

From Newfonndland to Oak Bidge, the stratified drift is disposed 
principally in the form of kames. This is especially trne north of 
the railway. The top<^raphy of the kame area is roogh, having a 
relief of twenty to thirty feet. It oonsistB of ridges and hills com- 
posed of ooaree gravel and occasional bowlders, alternating with 
basins, and trough-like depressions. South of the river in the same 
part of its coarse, the stratified drifl assnmes rather the form of a 
terrace sloping to the southward, but its surface is interrupted to 
some extent by depressions, some of which are occupied by swamps. 
Continuing southward, this belt of stratified drift becomes somewhat 
complicated, and difficult of olassificatioa, in the vicinity of Peters- 
burg. From this point south, the stratified drift is almost continuous 
down the Kockaway to the moraine. It has a general southward 
gradient amounting to 140 or ISO feet from the vicinity of New- 
fenndland to the moraine, a distanoe of twelve miles. 

Widiin this belt, kames are well shown north and east of Mooseback 
pond, at Upper Longwood, at Lower Longwood and at Berkshire 
valley. The sti^^nant ice forms have good development south of 
Oak Bidge station, and for a short distance east, south of Mooseback 
. pond, and at Berkshire valley. The terrace form is best seen at a 
point three-quarters of a mile west of Milton, on the south side of 
the railway, and from MUton to Woodstock, along the west side of 
the valley. 

Isolated peUeha of atratijied drift. — Apart from the stratified drift 
which occurs along the valleys, there are here and there patches 
of stratified drift of greater or less extent, which are more or less 
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isolated. Some of these oocor on uplands, while others are at loir 
altitudes. 

There is a little stratified drift ia many of the email valleys 
tributary to the larger ouea wbtoh have been described. This is true- 
botb of the great Kittatinny valley, and of the highland area to the- 
east, as far as the Qreen Pond mountain range. In these minor 
valleys, the stratified drift has the same general character, both as to 
constitution and dtspoeititm, as in the larger ones. The greatest body 
of snob drift which has not been separately mentioned is found west 
of Bear Fort mountain, and a short distanoe east of Carey's ouDe. 
It has an interrupted linear extent of more thau three miles. It& 
topogrsphj is kame-like, with a relief of ten to twenty fedL Ita 
disposition iodioates that it was deposited against ioe which most 
have been stagnant or nearly so. 

There is also a greater or less amount of stratified drift about many 
of the ponds and lakes. The patches of stratified drift about the 
lakes are often more or less kame-like, and sometimes aasame the- 
forma of kame terraces. This is true about Sucker pond, and for 
about three miles northeast of the same. It is also true about Bwart»- 
wood lake and Chlfish pond, and about several of the lakes betweeo 
the east line of Soseez county and Green Fond monntain. 

There are stratified drift deposits of the overwash plain type, adja- 
cent to the recessional moraine which has an interrupted existence 
from Long pond to Ogdensburg, Along this moraine, gravel of 
the overwash plain type may be seen a little west of Balesville; also 
at WashingtonviUe, and near Branohville Junction. Inside the 
receesional moraine there is also stratified drift to a considerable 
extent at various points. This is especially true north of Balesville 
and at a few other point?. 

There are a considerable number of kamee about Andover. Over 
most of the area in the vicinity where the kames occur, there is no 
trace of an aggradation level, and the top(^raphy is much more thak 
of a kame area than that of a kame terrace. In and about Andover 
Junction, however, there is an approach to a kame terrace topography^ 
where the aggradation level appears to be 660 feet 

There are small bodies of stratified drift on high levels not asso- 
dated with vallejs. Thus at Culver's gap, on Kittatinny mountain, 
there is a kame-like accumnlation of stratified drift. Small bodies of 
stratified drift also occur a mile or so northwest of the gap. Isolated 
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patches of small extent are known at a few other points on the nuige. 
It is quite possible that there may be small patches of stratified drift 
or kames at other points not known. The moantain is so generally 
oovered by foieete, and is crossed so in&eqnently by toads or paths, 
that small areas of sand or gravel may have escaped observation. 

On Pochnok moantain there are some kames which occupy a sort 
of amphitheater two and one-quarter miles northeast of Hambai^h, 
and a mile and a quarter east of south of Independence Comer. 
From the kames at this point, a splendid view can be obtained of the 
crest of the Kittatinny mountain, and the broad, rolling Kittatinny 
valley. There are many other places on the highland area between 
Green Pond moantain and the Kittatinny valley, where isolated 
bodies of stratified drift occur. These are osually of small extent 
and present no onnsoal features, and do not call for individoal men- 
tion here. 



Eakere are exceedingly rare in the northwestern part of the States 
even those which exist are ill-developed. In Warren county there 
are two, and in Sussex coanty there are three ridges of drift which 
may be classed in the category of eskers. One of the eskers in 
Warren county lies on the northern slope of the limestone hill, nearly 
three-quarters of a mile northeast of Walnut Valley. Its length is 
not more than 260 yards, and its width 50 to 60. At its upper end 
it thins oat gradually ; at its lower, it ends abruptly. Its crest is 
nndnlatory, and nowhere does it riEe to a great height above its sat- 
roundings. It is not so distinct bat that question might be raised as 
to the propriety of calling it an esker. 

The other esker-like ridge in Warren coanty is north of Southtowi^ 
southwest of Glover's pond. Its length is 350 to 400 yards, and its 
width 40 to 50 yards. Its height is five to fifteen feet above its aar- 
toundings. At its northern end it terminates sharply at the swamp, 
while southward it fades away on the hillside. 

Of the three eskers found in Sussex county, the best developed is 
in the midst of the kame area southwest of Unionville {N, 1 ,). It 
b^ns aboat a mile southwest of Unionville, a little south of the road 
which runs from Unionville to Clove brook. At its northern end, 
it is not distinctly eeparable from the kame deposits about it, but 
sonthward it becomes sharply ridge-like in form, and is bordered on 
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either side by a awamp, abov« which it rises steeply for twenty feet. 
It is somewhat siDUoas, has a narrow top and steep slopes. After a 
coarse of 460 yards, it ends abmptly at the swamp, bat after a break 
of fifty yards it begins again as a low, winding ridge, not more than 
five feet above the swamp. Ita height soon increases to twenty feet. 
It is again interrapted by the swamp for about 300 yards, but is ood- 
tinaed i^in in the kame area on the south. Here it is a sharply- 
marked, slightly-sinnoQs ridge, with steep sides and narrow top, with 
nndalating crest. At its sonthern end, it merges again into kame 
deposits. 

Another small esker occurs east of HainesviUe, near Averytowo. 
This is a narrow, aharply-defined, carving ridge, having a height of 
from fifteen to eighteen feet throagb a part of its coarse. It is well 
defined tliroaghout its entire length. Its crest is narrow and its 
slopes steep. It is twice broken by brooks which cross it. Inolad- 
ing these gape, its length is about 600 yards. 

The third body of drift which approaches an esker ia form is mid- 
way between Glenwood and De Kays. It is a long belt of gravel, 
the length of which in New Jersey is about three-quarters of a mile. 
It is ill-formed and is made ap of a suooeaaion of elongate knolls 
rather than of a distinct ridge. It is doubtful whether it should be 
classed as an esker. 



B. DRIFT ON THE BEAR FORT, KANOUSE, GREEN 
POND AND COPPERAS MOUNTAINS.' 

This series of mountains may be considered as one in this connec- 
tion. Together they constitute a sort of dividing ridge between the 
eastern and western parts of the State, a division which has some 
significance from the standpoint of onr present study. On the whole, 
these mountains are bat thinly covered with the deposits of tiie 
glacial period. 

I. TILL. 

On Bear Fort mountom. — The most otmspuiaous featare of the 
glacial geology of this mountain is its paucity of drift. Oatcropa of 

*Tbe following alBtements coaceming the drift of thcM mounCsins, as well as the 
ateft fartuber eaat, are based largelj oo the detailed work of Charles G. Peet. 
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Tock occur hy tbe hundred, perhaps by the thousand. It is probable 
that the aggr^te area whicli is easeDtiolly free from drift, equals the 
aggregate area where the rock is concealed. Drift seems to be least 
abundant over tbe central part of the range. Till is more abundant 
on the west slope than on the crest and east slope. For the whole 
mountain, the average thickness of till can hardly be more than five 
to ten feet. 

Such till as is present is bowlderj, aod the local rock greatly pre- 
■domiuates. Gneiss and crystalline schist bowlders are oocaeionally 
found over the whole mountain, and locally they are abundant, 
liocally, also, much shale enters into tlie oompoeition of the drift. 
This is. especially true near the ontcrope of this formation. 

The surface of the exposed rock on Bear Fort moantain is mnoh 
-weathered, and strise are rarely preserved, if they were ever abund- 
antly developed, as seems doubtfol. In the valley east of Bear Fort 
mountain, outcrops of rock are fireqaent. Tbe till which oooure here 
is made up principally of the alate, or sandstone, derived from the 
local formation. 

On Katuntse mountain. — Kanouse mountain has more drift upon 
its surface than Bear Fort. Though the drifl ia thin, the total area 
where the rock is concealed, is far greater than that where it is 
«xpoeed. 

The till is predominantly of material derived from the monntain 
itself, bat there is a not inconsiderable amount of gneiss and schist 
<lerived from the r^on to the northeast. 

On Oreen Pond and Copperaa mov/ntaina. — The west faces of these 
mountains are very generally till-oovered. This is especially true 
where the slopes are gentle. Outcrops of rock oocnr at Woodstock, 
and between Upper and Lower Longwood. They are abaodant 
between the latter place and Berkshire Valley. 

The steep east face of the monntain is generally free, or essentially 
free from drifL Quantities of tains have accumulated at the base of 
the vertical ledges. The crests, both of Green Fond and Copperas 
mountains, have little drift, rock outcropping frequently. 

While the till of these mountains is essentially local, there is more 
or less schist, gneiss and shale commingled with material which is 
atrictly local. 
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n. STBATIPIED DBIPT. 



The stratified drift aesociated with the Bear FortrKaaonse-Green 
Pond-Copperas mooDtaio belt is chiefi^ confined to the valleyft 
between Kanooee and Bear Fort mountains, and between Green Pond 
and Copperas. It therefore lies mainly on the shale or slate. 

There are fonr principal areas of the stratified drift — 1°, at th» 
south end of Greenwood lake ; 2°, north of Postville ; 3°, east and 
Bonth of Newfoundland, and 4°, at the ends of Green pond. 

In the first of these localities the stratified drift occupieB two levela- 
more or less separated fiom each other. The upper series of gravel 
deposits occur at aboat 740 fe^, and seem to have been laid dowik 
against ice after it had lost its motion, or at least to have still rested^ 
agfunst it after it lost ite motion, since some of them have the form 
of a kame terrace. This is especially true on the west side of the- 
valley, where the toraoe slopes eastward, becoming niklulatory and 
kame-like toward the axis of the valley. 

In the second of the localities mentioned above, the stratified drift 
oonsistfi of a small area of kames, one and one-quarter miles north b£ 
PoetviUe. South of the kames there stretches a plain of stratified' 
driil, the surface of which is somewhat pitted. It deolines from 837 
feet to 800 feet in one and one-qoarter miles, the material becoming 
finer and finer as the sorfaoe lowers. The ice edge is believed to have 
stood at the kame area, while drainage from it developed the pitted 
plain to the south. North of the kames there are some gravel ridges^ 
one of which has something of an eaker-like form. 

At the third locality, east of Newfoundland, there are some well- 
developed kames. Th^ lie one-half mile east of the depot. They 
are part and parcel of the stratified drift of the Peqnannock valley 
already described. These kamee are probably contemporaneous with 
those of Oak Ridge, 

The stratified drifl at the north end of Green pond is much more- 
extensive than that at the south. It has the form of a very gently- 
andulatory plain sloping southward, the material becoming finer as- 
the snrface declines. Well data show that the depth of the drift at 
the north end of the lake is more than fifty-five feet, although the 
pond now drains to the south. Data are at hand to show that if the 
drift were removed from the valley, it would be deeper north or 
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the pond than sooth of it, SQd that the valley, the damming of whioh 
has given origin to the lake, was doabtless a tribntary to the Peqoan- 
oook in prd-gladal times. 



C. DRIFT EAST OP THE GREEN POND MOUN- 
TAIN RANGE. 

I. UNSTBATIFIBD DRIFT. TILL. 

On the oryataUine kiglUands. — In this area, the drift does not greatly 
mask the pre-glacial surface. The main topographic features are dne 
io the rock, not to tlie drift. Till overspreads almost the whole 
of the r^on, tliough its continuity is frequently interrupted by the 
projection of points and ledges of bare rook. The till is of the type 
which is appropriate to the region, considering the natare of the under- 
lying formation. It is made op of jnstsuch material as would result 
from the comminntion of the crystalline schists themselves. Its 
numerous stones and bowlders were derived principally from the 
gneiss. Other varieties of stony material are present, but are notably 
leffi abundant in the eastern part of the area than in the western. 
This shows that the ioe carried less material to the crystalline high- 
lands from the Triassio formation to the east, than from the Paleozoic 
formations to the northwest. 

In the vidnity of the Green Pond mountain range, there is a good 
deal of stony material which has been derived from that range. This 
includes sandstone, qnartzite and oomglomerate. The till is richer in 
these materials near the monntain than at a distance from it. They 
are more abundant at a given distance from the sonth end of the 
range than at the same distance farther north. Thus in the latitude 
■of Greenwood lake, Green Pond monntain bowlders make up twenty 
per cent of the stony material of the drift one mile east of the range, 
which at the same distance from the southern end of the range, the 
same mountain has often contributed fifty per cent, of the stony 
material which enters into the constitution of the till. Small qnan- 
tities of material from the Green Pond mountain range extend east- 
ward to the limit of the crystalline sohist area, and beyond, as will be 
noted later. 

Stony material derived from the Hudson River (?) formation, includ- 
ing sandstone, sbale and slate, is of frequent oocarrence in this area. 
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At thb soatli end of Greenwood lake the till 19 largely made ap of 
material derived from this formation) which outcrops close at hand. 
Sesidea the conBtituente already mentioned, there is an occaeional 
limestone bowlder, and, especially toward the eastern part of the area, 
an occasional piece of Triassic sandstone. 

In general the till has been noticeably weathered and oxidized to 
an averse depth of about two and one-half feet. 

The mazimam depth of till known in .this area is at Blooming- 
dale, where it has a thickness of uxty feet The till is thioker along 
the Feqaannock valley than either north or south of it. In the valley^ 
the tilt is known to be thirty to fifty feet deep at many places. The 
average depth of till for the whole area probably does not exceed 
twenty feet. Throughout the area, outcrops are numeroos on the top» 
and steep slopes of the higher hills. 

JEasi of the crystalline schist highlands and west of the Palisade ru^e,— 
The topography of the surface in this area is much more largely con- 
trolled by drifl than in the region just west; bat even here the lai^er 
featoree are the result of the uoderlying rook straotares. The strati- 
fied drift here oooupiea about one-fonrth as much of the surface as 
the uQstratiEed, In general the former occupies the lower levels^ 
especially the valleys, while the latter occupies the elevations and 
some of the low plains which are not along drainage lines. The 
areal distribution of the till is thus seen to stand in dose relationship 
to the topc^raphy. There is also an intimate oounection between its- 
thickness and topc^praphy. Where the sur&ce is low and approxi- 
mately flat, tlie till is likely to be thick. It is also frequently thick, 
between ridges, where till instead of stratified drift is foand in such 
positions. Between Second and Third mountains, south of the Pas- 
saic, depths of thirty-five to forty feet are not infireqnent. In the 
trough-like vaUey between First and Second mountains, the maximum 
depth is still greater. 

In many places the crests of First, Second and Third mountains 
ate nearly free from drift. When present at all, it is often no more 
than three to five or ten feet deep. The average depth on the crests 
<^ these mouDtwns is probably not more than three to five feet. Oa 
the slopes, too, especially on the steep eastern slopes, it is relatively 
thin when not altogether absent. The gentler western slopes are 
ofteo welt covered. 

East of First monatain, on the Triassic sandstone and shale, the 
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aver^ depth of till for the nortbern part of the area is probabl7 
twenty to thirty feet, though depths of seyeaty and eighty-five feet 
are known near Norwood aod Kinderhamac reepectirely. In the 
southern part of the area, the ayerage depth of till is probably a little 
greater. Here, hw, the distribation of the till stands in close rela- 
tioDsbip to topography. The sandstone ridges extending from Ridge- 
field Park north to the latitade of Oreeskill, and from Harrison to 
Ha^enaaok and beyond, have relatively tbio ooiliDgs of till. Barely 
does the till dispose itself in the form of dmmlins. The aocumals- 
dons of till, which might pass under this name, have been referred to 
in an earlier report,* 

The aonitituiion of the till. — Within this region three more or less 
distinct types of till occur, the distinction being based on lithol(^cal 
oonstitation. These are 1° the gneissic type, 2° the trap type, and 
3° the red sandstone type. As these names snggest, the extremely 
local ofaaraoter of the till is often well shown. The trap type of till 
is found cflpeoially on the trap ridges, though it frequently covers the 
border of the Triassic formation adjacent on the west. This is con- 
sistent with the direction of ioe motion, which was rather more to the 
west of Bonth than the trend of the trap mountains. 

The gneissio type of till is confined to the northwestern part of the 
area, north of a line drawn through Hilledale, Bidgewood and Pomp- 
ton. North of this line, the till is seldom red, and the absenoe of thia 
color indicates the absence or the paucity of the Triassic material. 
In most places the Trisssio material is present, even where the domi- 
nant constituent of the till is gneiss. Within the area indicated, 
seventy to ninety-five per cent, of the bowlders are of gneiss. South 
of this line the till is inucb less bowldery than north of it. 

South of the area defined above, the red type of till predominates, 
being derived lai^y from the Triassic shale and sandstone. The 
Triassic type of till becomes increasingly clayey to the south, where 
the formation is more shaley than to the north. In the sonthern part 
of the area, especially over the lowlands about Bahway and Elizabeth, 
the till is of^en very clayey, and has an unusually level surfaoe. Its 
character and its disposition are snch as to have raised the question of 
the snbmet^uoe of this r^ion dnce the ice retreat. It is now 
thought probable that the r^ion has not been beneath the sea since the 
last ioe epoch, but that it stood so low during the melting of the ioe 

"Annnd Beport of the SUM Qeologitt for ISBI, page 74. 



;vGoo»^lc 



66 ANNUAL REPORT OF 

that the water failed to flow readily from it. To this semi-eabmerg- 
enoe ander ice-water, some of the peonliarities of the till are tenta- 
tively attribated. Within the basin of Lake Passaic the till has cer- 
tain peculiar characteristics, which have been noted eleewhere.* 

la addition to the material derived from the three formations speci- 
fied, there are some bowlders from the Green Pond moantain range, 
horn the Hudson River (?) sandstone, and occasionally from some 
formation of limestone which lies north of the State line. Their 
sovroe may be the Triasgio conglomerate which locally is composed 
largely of limestone. 

The Hadsou River (?) constitaent of the till occurs much more abnnd- 
antly in the northem part of the area thau farther south.' It is found 
especially weet of Montville. Bowlders derived from this formation 
were mnch lese well adapted to extensive transportation at the hands of 
the ice, than thoee &om the Green Fond monntun or gndss forma- 
tions. The Green Pond mountain conglomerates and qnartzitea have 
not been seen east of the Hackensack valley. West and south of this 
valley they have a very wide distribution. They are known to occur 
at Perth Amboy, and even on Staten Island as far east as Annadale. 
Bowlders of ga&m or crystalline schist are not restricted to the area 
where the gneissic type of till prevails. They occur in all parts of the 
area, and even beyond it, on the Palisade ridge. 

It is to be noticed that the strike of the formations in this r^on 
is northeast and southwest. The line of contact between the Triaasio 
fbrmatioD and the crystalline highlanda to the west has a direction 
46° to 50° west of soath. Stride in this r^ton show that the direc- 
tion of ice movement was B. 10° to 20° W. This direction of move- 
ment would carry materiale from the more westerly formations over 
to the more easterly, but not materials from the more easterly forma- 
tions to the more westerly. The only place where this could take 
place is along certain pacts of the trap ridges, where their direction 
departs from the normal direction of strike of the formations in this 
part of the State. 

It is to be noticed that there are certain anomalous things in the 
distribution of the materials. The easternmost point where Green 
Fond mountain bowlders have been seen (on Staten Island) is several 
degreu east of south of the eastemmost point of the Green Pond 
mountain formation in New Jasey. Throughout the whole of the 

"Aiiiiutl Report of the State Geologist for 1893, ptge 294. 
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jnterveDing area where strue have been reooided, the direction of ioe 
movement was west of eonth. It is therefore certain that the Green 
Pond moontain bowlders found on Staten Island, and in Union and 
Middlesex coonties, did not come from the Green Pond monntain 
range of New Jersey dnring the last ioe epoch. The Green Pond 
monntain formation is continued northward into Xbw York, and its 
northward continuation is farther east than the range in New Jersey. 
It is possible that the bowlders of this formation found in the eastern 
part of the area nnder consideration, came from this northward ex- 
tension of the formation. This explanation does not seem to be free 
from difficnlties, since the bowlders inoreaae somewhat i^ularly in 
abundance as Uie Green Pond monntain range within the State is 
approached. There would seem to be no good reason for this espeoial 
feature of their distribution, if the bowlders at the southern limit of 
the ioe had been derived from the New York continuation of the 
formation. 

The other alternative is to suppose that glader ioe afi^ot«d this 
part of the State daring at least two distinctly difPerent epochs, and 
that during the first the movement was more to the east than 
during the second. Daring the first, the bowlders might have been 
carried from the Green Pond mountain range eastward to the Hacken- 
«ack valley, and to Perth Amboy and Staten Island. Daring the next, 
or any later epoch, the bowlders, if already strewn over the territory 
fast of the mountain range, might have been incorporated in the new 
sheet of drift. 

A study of the distribation of the corresponding bowlders in New 
York, tt^ther with a study of the strise in that r^on, would throw 
much light apon this question. If the northward oontannation of the 
axis of the gladal lobe which lay west of the Palisade ridge be foand 
to cross the Green Fond monntain formation in New York, it might be 
possible to explain the present distribution of the Green Pond moun- 
tain bowlders, on the supposition that there was but a single ioe 
epoch. Otherwise the other interpretation woald seem to be necessary. 

Oxidation and weatharinff. — The surftoe of the till in this region 
does not usually afford direct testimony as to the amount of oxidation 
and surface change which have taken place since its deposition. The 
prevalent color of the till is snoh that oxidation does not notably 
af^t it. Where the till is of the trap and gneiss types, oxidation is 
more readily seen. The depth to which it has extended corresponds 



vGoo»^lc 



58 ANNUAL REPORT OF 

in a general way to the dtpth to whioh it fase affected the till farther 
west, vis., two or three feet. 

TUt on the PcUiaade ridge. — ^The till on the Faliaade ridge was con- 
sidered in some detail in the Annoal Report of 1S93,* The stri» 
on the Falieade ridge point east of Bouth. This direction of ice 
movement, taken in connection with the direction of movement west 
of the ridge, makes it dear that the axis of an ioe lobe occupied 
approximately the position of the Haokensack valley and its southerly 
continuation. West of the axis the movement was to the west ; east 
of it, the movement was to the east, As would be expected onder such 
circamatancea, the material from the Triassic formation was carried up 
on the trap ridge to some extent The Triaaaio material even predomi- 
nates on the west face of the Palisade ridge for some distance above 
the junction of the two formations. While the predominant mate- 
rials of the till on the trap ridge are always trap and Triassio sandstone^ 
bowlders of gneiss and crystalline schist are by no means rare. Some 
of them are of great size. There is nothing in the character of these 
bowlders to indicate that they were not derived from the crystalline 
schist highlands of the State ; bnt ocmsidering the direction of stri» 
<m the ridge, it is more likely they came from the northeasterly con- 
tinuation of these highlands in New York. 

n. BTBATIFIBD DBITT. 

On tht eryriaUine highlandt. — ^The stratified drift on the crystalline 
highlands east of the Green Pond mountain range occurs mainly in 
the valleys, along whioh it is very generally present. Besides its 
occurrence in the valleys, small bodies of stratified drift occur at many 
points in the form of kames or of small, uncUssifiable patches. None 
of these minor bodies of stratified drift are of great importance, and 
nowhere do they assume forms of especial significance. 

In the vallqr of Green Pond brook, there is a narrow belt of gravel 
along the stream from Middle Forge to the moraine at Spicertown. 
The gravel slopes gradually to the south, and with the decline the 
material becomes finer. 

Along Beaver brook, gravel is found from Meriden to Rockaway, 
Its sur&ce declinea to the south, though not r^ularly. The stratified 
drift of this valley sometimes assumes a more or leas kame-like 

* Page ma teg. 
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topography, suggeetiiig tb« presenoe of ice at the time of its depoei- 
tion. At other points'the gravel ia disposed as a kame terrace. 

la the Rookaway valley, where stratified drift is present, it some- 
times baa the form of a wide ternu» with plane top(^;raphy, which is 
now and then broken l^ deep sinks. From PowerviUe sonth, the 
stratified drift in thia valley is remarkable, in that its surface declines 
to the northeast, aooordisg to the top(^raphio map. The glacial 
drainage was in the opposite direotion, so long as ioe blocked the 
Sockaway. It is possible that the present slope was established afl«r 
this valley was freed from ioe. The gravel along the Bookaway 
north of the moraine is really continuoos with the gnvel of the over- 
wash plain whioh extends from the moraine np the valley of Den 
brook, west of Denville, and also east of Denville, and along the 
brook toward Tabor. The level of the gravel in these valleys is 
somewhat higher than that of the Bookaway itself, and was probably 
laid down somewhat eaiiier. The abandant gravel deposits along the 
Bookaway in the vicinity of Boontoo, were connected in origin with 
lake Paesaio, and have been deacribed elsewhere.* The other 
deposits of stratified drift which were connected in origin with Uke 
Passaic have likewise been described t heretofore, and will not receive 
further mention here. 

In the valley of the Pcqoanoock there is a little stratified drift east 
of ButW. In this direction the stratified drift of the Peqnannook 
becomes oontinnous with the gravel plain of the Pompton river at 
Pompton. 

In the valley of the Wanaqne, stratified drift has a very much 
more considerable development than in the other valleys in the area 
under consideration. It is more or less continuous from Hewitt to 
Pompton. In addition to the gravel along the main stream, there is 
more or less along its tributaries. This is notably true of the valley 
of Bingwood oreek, and of the creek which drains Sheppard pond. 
Just betow Bingwood, and again in the vicinity of Btmrdville, the 
gravel covers very considerable areas. Farther south, in the vicinity 
of Midvale and Wanaque, the gravel is somewhat extensively 
developed on the lowlands, both along the immediate oonrse of the 
stream, and along the bdt of lowland followed by the railway. 

As in all valleys similarly situated, the stratified drift along the 

•Annnal Beport of the SlaU Geologist of New Jersey, 1893, pages 377-284. 
tLoc. cit., pages 277-289. 
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Wanaqae declines to tlie soathward, Tbe rate of deoline is greatest 
jast Bouth of Bingwood, being thirty to forty feet for the first mile. 
Below this point, its decline is aboat twelve feet per mile. £zcept 
locally, its topography is not notably irregular. Topography which 
is thonght to be oharaoteriatio of depoeits made against ^i^nant ioe 
oconra at a few points, especially, 1°, near Boordville; 2°, a mile 
south of that place ; 3°, half a mile west of Midvale, and for a mile 
or 80 &rther south. 

The gravel does not decrease in coarseness from north to sonUi with 
r^alarity. It is relatively coarse at Rtngwood, near Boardville, and 
t^ain a mile north of Midvale. From all these places its ooaisencss 
diminishes soathward. In this variation in ooaKenees is fonnd 
Another indioation that the gnvel of the valleys was deposited in 
flections.* 

The other ar^ of stratified drift of the crystalline highland area 
-east of the Oreen Pond mountain are small, and need not be sepa- 
rately mentioned in this connection. 

On the Triasaio. — Stratified drift is very much more abundant in 
this area than in any other part of tbe glaciated territory of New 
Jersey. Between tbe Paliude ridge and a line drawn from Pompton 
to Newark, the total area of stratified drift is approximately eqnal to 
that of till. South and west of the above line, the ratio of stratified 
drift to till is much less. Tbe stratified drift is fonnd along all the 
valleys, and occupies muoh tow land which does not border streams. 
It occurs at higher levels to the north than to the south. Its levels 
ID different valleys are independent of each other, especially to the 
north, where the eeveral valleys are most distinctly separated. Near 
the northern line of the State, its altitude is ninety feet in the valley 
of the Hackeusack, 140 feet io the valley of the Paacack, 240 feet in 
the valley of the Saddle, and 300 feet in the valley of the Baniapo. 
Traced southward in each of these valleys, the level of the stratified 
drift reaches the level of the sea about the area at the head of Newark 
bay. It follows that in its decline to the south, the stratified drift in 
the various valleys is not regular. In latitude 40° 54', the uppw 
levels of the valley drift in the above valleys is as follows : In the 
Hacketuaok, which has reodived the Pasoaok, forty feet; in tbe 
Saddle, sixty feet ; in tbe Passtuo, which has received tbe Bamapo, 
fifty feet 

*See anU, pages 46-5. 
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It is to be noted that there is much stratified drift in this area 
which cannot be called valley drift. The above figares refer to the 
latter. The changing gradients of the valley drift are soch as to 
indicate that it was not deposited chiefly after the ice had receded 
beyond the borders of the State, bat in sncoeseive sections while the 
ice was withdrawing. Dnring its withdrawal the ice eeems to havo 
halted at varioos points. Jnst below the positione of halting, depo- 
sition was going on, filling the valleys and covering the adjacent low- 
lands, establishing there a somewhat definite gradient, or a^radation 
level. After establishing a definite aggradation level for a certain 
portion of the valley bdow its edge, the ice appears to have receded 
again somewhat promptly for a short distance. In the part of the 
valley freed from ioe by this recession, deposition took place, and 
a new aggradation level was established for this part of the valley, 
more or lees independent of the one below. Farther recession gave 
rise to mmilar filling in a section of the valley still higher ap, and 
so on. 

Eztra-valley stratified drift oocnpies the low inter-stream areas 
more or less generally. It was not deposited by streams aft«r the ice 
withdrew from these areas, bnt by water as it iesned from the ioe, or 
perhaps even under the edge of the ice as the latter became inactive, 
or as it approached inactivity. The stratified drift which ocoupiea 
the inter'Stream areas is osoally ooarser than the valley drift, and 
oconrs at higher levels. It oflen slopes to the drift in the valleys, so 
that there is not nsaally a sharply-marked topographic limit between 
them. 

In some of the valleys th^e are several places where the edge of 
the ice seems to have halted in its retreat. These poeitioaB are indi- 
cated by the behavior of the stratified drift. In some cases the halts 
in the varions valleys may be correlated with each other with some 
degree of probability, though it is far from certain that the edge of 
the iee became stationary in all valleys at the same time, even where 
it became periodically stationary in each. 

The first position where the edge of the ice seems to have remfuned 
stationary in ita retreat from the moraine, is marked by the belt of 
the moraine-like kames extending from Waverly to WestSeld. It is 
possible that the moraine-like aocamulations of drift in Harrison 
should be connected with this stage, though this is not certain. 

A second halting place of the receding ioe seems to be indicated by 
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the semi-moniiDe-like accumulatioD of drift which extends inter- 
ruptedly from North Newark to Cedar Grove. Below this belt, from 
Riverside to Newark, the stratified drift along the Paasaic has an 
aggradation level independent of that farther ap the valley. 

In the several valleys of the area there are looaltties which aeem to 
mark halting places of the ioe for the valleys individually. At these 
various points, the ioe front seems to have stood for a sufficiently long 
time to give rise to some little amount of marginal aoonmalation, and 
to interfere with the regularity of the slope of the valley drift The 
more marked halting plaoea in the several valleys are as follows : 

1°. In the Fassaia valley, at Delawanna, Garfield and Fateiaon, 
and at the head of the tributary valley which oomea down from Van 
Winkle, near Fateison. The gradient of the valley drift below 
P&terson, seems to be altogether independent of that above. 2°, In 
the Hamapo valley, the ice edge seems to have remained stationary in 
position for some little time at Oakland, at a point three miles above 
Oakland, and f^io three-quarters of a mile south of Darlington. 
From each of these three positions the sarfaoe of the valley drift 
slopes southward somewhat r^ularly, after the fashion of a valley 
train. But each of these positions seems to mark the bead of a train 
independent of the otbei^. A fourth gradient exists above BarUng- 
ton, the head c^ which is north of the State line. 3°. In the valley 
of the Saddle river, stationary positions of the ioe front are not clearly 
marked. One is su^^ted by the kamea between Areola and 
Rochelle Park. 4°. In the valley of the Haoketuaak the ice edge 
probably lingered for some time near Haokensaok, and i^ain in the 
latitude of Kivervale. At this point there is a series of kamee, from 
whidi there extends to the south a well-defined overwash plain of 
stratified drift, which is independent of the valley drift above the 
kames. 5°. In the valley of the Paaeaek, above its joootion with 
the Hackensack, a stationary position of the ice edge is indicated by 
(he kames at Montvate. From them a well-marked valley plain, 
stretching to the south, takes its origin. 6°. In the valley of the 
Tim^^, two temporary halts of the ioe edge are indicated, the one 
at Highwood, and the other at DemaresL At the former place there 
are two sharply- marked kames, from which a well-defined gravel 
plain stj-etohes to tbe south at a level altogether independent of the 
level of the drift in the valley to the north. The halt at Damareet is 
believed to be marked by tbe striking series of kames in that viciHity, 
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A few worda may be added cooceroing the stratified drift of the 
eeveral valleys iudividoally. 

In the Jiamapo vaUey. — Stratified drift borders this valley on one 
or both sides most of the way from the State line to Pompton. The 
width of the belt is usually a quarter to a half mile, rarely more. In 
some parts of the valley the stratified drift has tlie form of kames ; 
in others it assumes the form of kame terraces, though never sharply 
defined, while in still others, it is disposed as a plain. Irregalarities 
in its disposition occur a mile soath of the State line, at Darlington, 
«BpeciaIIy west of the river, and at several points between Darlington 
jmd Oakland. 

The most striking feature in the disposition of the drift of this 
valley is conoeoted in origin with the halts of the ice already enume- 
Tated. The disposition of the gravel in this valley seems to show five 
more or less well-defined halting places of the ice. 1. The valley 
plain of gravel extending from the State line to a point near Dar- 
lington (a b, Figure 4, Plate I.) appears to have been made at one time, 
after the ioe had retreated north of the State line. It has a distinct 
southward slope from 290 or 300 feet at the State line, to 270 or 280 
feet two and one-half miles &rther down the stream, near Darlington. 
% Jnat below Darlington the valley gravel oecnpies a higher position 
than to the north — about 300 feet. From this point (c) its surface 
descends to 280 feet in one mile (d),thoDgh the snrfaoe is by no means 
r^nlar in its decline. 3. Two miles below Darlington the level of 
the valley drift is again higher than to the north. The rise from the 
north is accomplished by a steep slope up to a delta-like body of 
gravel (e/) having an elevation of 300 feeL To the south its sur- 
face declines to 250 feet within a mile. Just north of this fiat-topped, 
delta-like body of gravel there is a kame at a considerably lower 
level, showing that the valley jost above the plain must have been ocou- 
pied by ioe while the plain was in prooeas of growth. 4. A mile 
below (two miles above Oakland) the height of the valley gravel 
again rises in passing southward, attaining a level of about 280 to 
290 feet (A). This elevation is maintained for a distanoe of one and 
one-half miles, nearly to Oakland. Along this stretch the stratified 
drift has a top<^;raphy characteristic of material deposited against 
ioe. 5. The level of the gravel in the valley again rises notably at 
Oakland ( t )> having an elevation of 320 feet in the northwestern part 
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of the village. South from Oakland the gravel becx>mee flaer anil 
contains a lai^er percentage of sandy and earthy material. 

The oonatitntion of the gravel of the Ramapo valley indicates that 
even the stratified drifl of the valleys is lai^ely iofiaenced by the 
subjacent terrane. North of Darlington the gravel is principally 
composed of gneiss. A mile soath of Darlington the valley crosnes 
the trap ridge, and trap enters promptly into (he composition of th» 
valley drift. Farther soothward the gneiss and the trap become leea 
abundant and the Triasaic sandstone increases. 

The greatest depth of gravel known in this valley is 117 feet.* At 
Oakland stratified drift is known to have a depth of eighty feet. 

Stratified drift &«<ice«n the Eamapo and the Saddle riverg, — East of 
the Ramapo valley, about Franklin lake, and from that lake to 
Crystal Lake station, there are uonsiderable and somewhat nnnsnal 
areas of stratified drift. The gravel area northwest of Franklin lake 
was probably made when the edge of the ice stood at its northern 
border. Its aorface slopes to the southeast. Its northern and nortb- 
westero slopes are steep, and were probably bailt against, or out from^ 
the ice front. The plain is marked by various depressions which are 
believed to represent the position of ice blocks when the gravel was 
bong deposited. Franklin lake occupies one of these depressions. 
From tiLifl plain a series of kames extends northward to Crystal 
lake and b^ond, the topography being notably rough at several 
points. 

About Wyckoff there is a lai^ area of kames, having a very rough 
topography. The swells are often so ridge-like as to surest esken, 
and the depressions are correspondingly elongate. South of the 
ksmee proper, a pitted plain stretches to the south for a distance of 
two and one-half miles. There is also stratified drift to the southeast, 
along the railway from Wyokoff to Wortendyke, but it has no distinct 
topographic form. North of Wyckoff there is an abundance of strati- 
fied drift for three or four miles along the valley of the creek tribu- 
tary to the Ramapo at Darlington. This was doubtless deposited 
before the outlet to the Ramapo was open. The gravel here fre- 
quently assumes the form of kames. There is also a small eeker 
associated with the gravel of this area. 

In the Mahwah valley — Kames and eskers, as well as gravel of no 
dietinot topc^raphic form, occur in the vall^ of the Mahwah, tribu- 

*Aiuuial Beport of the State Geologist for 1877. 
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taij to the Bamapo near tbe State line. The kamee are especially 
well developed io tbe valley south of Mahwah for a tnile and a half. 
Eskers and esker-like kames oooar on the east aide of the railroad 
from tbe State line to Bamseys, Tbe eskers are on tbe east side of 
tbe valley. They are mainly very short, and their ooorees are 
obliqne to the slope, their northern ends being higher than the 
southern ; nevertheless, instances are not wanting where tbe eekers 
locally aaceod (to the sontb) slopes in some of their windings. Eskers 
have some development about Bamseys, as will be noted later. There 
is an nndnlatory tiact of stratified drift at Allendale, and smaller 
area3 at a few points both north and south of that village. 

In the Saddle river valley. — Stratified drift oocnpies the valley of 
the Saddle river from tbe State line southward to Garfield. Tbe 
gravel has an eleratioQ of 240 feet at tbe State line. Its surface 
slopes to the south, with a generally diminishing gradient. The fol- 
lowing figures express its decline. for the intervals noted : For the 
first mile from tbe State line, forty feet ; for the next two miles, sixty 
feet (average of thirty feet per mile) ; for the fourth, twenty feet ; for 
the fifth, ten feet; for tbe sixth, ten feet; for tbe seventh, thirty 
feet ; for the eighth, ten feet ; for the nin^, ten feet ; for tbe tenth, 
ten feet The rapid decline in tbe seventh mile from the State line 
doubtless means that the ioe edge made a halt just above this high 
gradient, long enough to establish it, 

Sontb of Hobokus, tbe valley belt of stratified drift widens rapidly, 
and beoomes oontinnous with the gravel of tbe Pasoack and Hobokns 
creeks. Still &rtber to the south and southwest, it becomes contjna- 
ons with the gravel of the Passaic, although not covering all the sar- 
ftoe intervoiing between these streams. Here and there swells of 
till rise above the level of tbe sand and gravel. 

In the PoMatfl vaUej/. — From Paterson east and south, tbe gravel in 
the valley of tbe Fassaio has tbe form of kames, kame terraces, and 
plains. There are also irregular aoonmulations wbioh cannot be 
placed in any one of these cat^^ries. As already indicated, several 
distinct positions of tbe ice front are indicated by tbe deposits of this 
valley between Newark and Paterson. The general southward slope 
of the valley drift is interrupted at these positions. 

In (he valley of the Paaoaeh. — Stratified drif^ is found along this 
valley continuously from the State line to Hillsdale. Below Hills- 
dale it ^treads out so as to become continuous witli the stratified drift 
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of the Saddle river vallej on the west, and with that of the Haoken- 
Bftok on the east. 

Betvreen Park Bidge and Montvate, there ia a bnnch of kamea in 
the valley from which the gravel plain to the aoath may be said to 
take its origin. The anrfaoe of the stratified drift declinee regalarly 
to the BODth with a oootinoally decreasing slope to Hillsdale and 
'Weetwood, the material beooiaing finer at the same time. The b^c^- 
Taphy of the valley drift is often marked by sinks, less oommooly by 
kame-Iike elevatitms. It is more of a plain than most of the gravel 
«loDg many of the valleys of northern New Jersey. It is probable 
that stagnant ioe occD|Med the center of this valley maoh of the way 
from Park Bidge to Westwood, while stratified drift was b^g 
•deposited on either hand. 

Xn the Haokenaaek valley. — Along the valley of the Haokensaek, 
stratified drift oocnrs more or lees continuously from the State line 
south to the head of Newark bay. The disposition of the sand and 
gravel in this valley is comparable to that of the valteys already 
mentioned, It declinee to the Bonth, but there are notable irregulari- 
ties in its slope. It is interrnpted here and there by kamea which 
stand somewhat above the general level. 

There are a few places where the gravel aasumee forma of peculiar 
significance and interest. Near the Anderson Street station, in H«ok- 
ensaok, there is a flat-topped gravel plun having somewhat the form of 
a delta. It rises somewhat promptly about twenty feet above the 
sand plain about it, though the slopes are not normal delta slopes. 
The north slope of the plain falls off abruptly, eepeoially near the 
west border. The east slope is gentle. The upper surface of this 
plain is eeeentislly level. There is much in the top(^p«phy and sur- 
roundings to suggest that it is a delta plain, bat it seems to lack 
the decisive marks. 

Abont a quarter of a mile east of the Little Ferry depot, there ia 
what appears to be a low spit atarting at a height of twenty feet, and 
sloping southward. 

In the vicinity of the Haokensaok valley, though not to be classed 
as valley drift in the strict sense of the term, there are some notable 
kames and associated plains. The most remarkable are northeast of 
Bivervale. Here there is a well-marked horse-shoe-shaped kame 
area, referred to in the Annual Beport for 1892.* For this kame 
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hd-t the name of kame- moraine was suggested, both becaose of its 
moraine-like topographj^, aad becaaae there atretches soathwaid from' 
it a gravel plain comparable, in all le&peots, to an overwaeh plain ont- 
«ide a moraine. This plain connects with the sand and gravel of the 
Paacack, at Hillsdale. It declines regularly to the aooth, having an 
-elevation of no more than forty feet at Oradell. It is also ooutinu- 
-ouB with the stratified drift farther soath along the Haokensaok. It 
is intflrrapt«d at intervals between Rivervale and Randall hy till hills 
which rise above it. The plain is further interrnpted by the oonsid- 
'Crable valleys of the Fascaok and Haokensack. 

Below the oottlesoence of the Paecaok, Saddle river and Hohokos 
^avel plains, the j(uat pUin has a coDtiouoos decline to the south- 
ward. It oonneotis with the valley drift of the Faaaaio at Hawthorn. 

The average depth of the stratified drift in the northeastern part 
of the State, in the broad depressions between the Palisade ridge and 
<the crystalline highlands to the west, is estimated to be about sixty 
<feet. The depth, however, is by no means uniform. At Delawanna, in 
'the valley of the Passaic, sand and gravel have been penetrated to a 
'depth of 108 feet, or to forty feet below sea-level, without reaching 
«ock. At Haokensaok, in the valley of the same name, sand and 
olay have been penetrated to a depth of 215 feet, or to a depth about 
^200 feet below sea-level. At Oradell, sand and clay are reported to 
extend to a level 170 feet below that of the sea. Kear Little Ferry, 
. on the weet aide of the Haokensaok valley, the sur&oe of the roc^ 
lies SO to 100 feet below eea-Ieve). Between Englewood and High- 
wood, rode is said not to have been reached at a depth fifty feet below 
'the level of the sea. Nearer the ridge, in the same latitude, the rook 
«nrfiu9e is nzty feet below the sea-level. At Olostw, the surface of the 
rook at one point is known to be forty feet below the sea-leyel. These 
■data are saffident to indicate that the pre-glaoial valleys of this region 
were much deeper than the present. They tell of an elevation greater 
than that of the present at some time preceding the last glacial epoch. 

Stratified drift about the hordes of the awamp at the head of Newark 
■bag. — There is a narrow and diecontinaoas border of stratified drift 
«^ng the highlands weet of the marsh. It now and then takes on 
eomething of a terrace aspect At Carlstadt, it is disposed as a teiraoe 
St an elevation of thirty- five feet. It occors at a corresponding level 
■soath of Carlatadt, but does not here assume a distinct topographic 
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form. At Kbgdaud the sand and grayel of the Passaic ezt«nditi^ 
south from Lyodburst connect with the stratified drift along the 
border of the marsh. At Schuyler's Corners, sooth of the Arlington- 
cemetery, there is a grayel ridge near the marsh, haying a height of 
six to ten feet, which has the aspect of a ridge formed along the shore- 
of a body of standing water. It may well be a beach line. 

Stratified drifb also oconrs about the islands in the tidal marab. 
One and one-half miles sooth of Secaocos, at the point of the 
island, and east of the Erie railway, there is a spit-like ridge haying 
a mazimom eleyation of between ten and twenty feet. Just soatb 
of the Snake Hill atation of the Delaware, Lackawanna and Western 
railway there is also a spit-like grayel ridge at an altitude of about 
ten feet. It is disconnected from the higher land east of the depot, 
from which the material most baye been deriyed, were the ridge- 
formed as a spit. It is possible that the break is aridfidal. 

About Moonachie, there is stratified drift op to levels of twenty or 
thirty feet In some plaoes it is terracifonn, while in other places it» 
original disposition has been obscared by the action of the wind'. 
The stratified diifl at the west base of the Palisade ridge wa» 
described in the report for 1893,* and further reference to it need 
not be made here. 

Dedsiye evidence concerning poet-glacial submergence might have 
been expected abont Newark bay. Unfortunately the evidenoe whick 
is found is as equivocal as it coold well be. The tentatiye con- 
olnsions reached by earlier studies are the best which can now be- 
su^ested-t If the sea-water stood higher than now, relative to the 
land, while the glacier ice oooapied northern New Jersey and its sur- 
roundings, as seems possible, its rise above the present tide-level' 
appears to have been sh'ght, and may a9 well have been due to the- 
attractive influence of tlie ice, as to sinking of the land. There is 
now no evidence at hand to show that it continued to stand above its 
present level, after the ice disappeared. 

South of Newark stratified drift has little development except in 
the valleys of the Elizabeth and Rahway rivers. It la locally plen> 
tifnl along these streams. 

Between the crystalline highlands and the Palisade ridge there are- 

•Page 195. 

tAonnal B«port of the SUte 0«otogut for 1893, page 208. 
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tnany notable kames end kame areas. These have already been 
reieired to at some length in an earlier report,* There are alao a 
namber of eskera in die region, moet of whioh were referred to in the 
report just mentioned. The more notable ones were there described 
at some length, and farther description will not be given here. 

'Anoual Report for 1S9S, pages 84-95. 
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SECTION II. 

THE GLACIAL STRIJE OF NEW JERSEY. 

Btttribviion. — StrisB occur at intervals tbrongfaont the wbole of 
tbe arEa covered hj ice during the last glacial epoch. So &r as the- 
recotd goes, the^ appear to be distributed very nneqaally. This- 
apparent inequality is doe obieBy to three causes — 1*^, the variation 
in tbe frequency of rock ezposuies, due (a) te the unequal thickness 
of the drift, and (b) to the varying frequency of ezcsvatioDS ;: 
2°, the more rapid weathering of some rock Burfaces than of others } 
3°, the difference in the hardness and texture of the differeot rock 
formations, in consequence of which some were more readily striated 
than others. 

The drift of New Jers^ is thickest in the northern part of the 
State between the Palisade ridge on the east and the crystalline high- 
lands on the west. This is the area of the Triaasio formation; 
Within it, the drift is thicker where the underlying rock ie sedimen- 
tary, and thinner where it is trap. This distribntioD of the drift is- 
due to topography, not to variations in the character of the rock, 
though it is the hardness of the trap as compared with the ehale aod 
sandstone, which has given rise to the ridges. On the whole, stiisa- 
have been least frequently recorded where the aoderlyi^ rock is the 
eedimentary part of the Triassic This is due chiefly to the fact that 
the rock is so rarely exposed. The rock itself ia not ill^adapted to- 
receiving HtriK, and it has been so generally covered by drift since the- 
glaoial epoch, that glacial markings cannot have been obliterated. 

On the thinly-covered trap ridges of the same general area, recorded' 
striie are numerous. On the Palisade ridge they appear to be much 
more abundant toward the southern end than toward the nortbem.. 
This is doubtless because there is a very much larger number of ex- 
cavations in tbe former region. Throughout the State strie appear- 
to be much more frequently recorded along the roads than elsewhere. 
This is partly because the eur&oe near the roads has been examined 
in more detail than intermediate areas, and partly because excavations 
are much more frequent in such situations than elsewhere. These 
fads illustrate the first point noted above, viz.: that the inequality oi 
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the distribatioii of recorded striis is dae in part to the vsryiog 
fivqaenc^ of lock expoenree, either natural or artificial. 

The effect of weathering on etriie is well shown in the limestone 
belts. With very few exceptions strJee are not found on the limeetone 
of Warren and Sussex counties. Outcrops are abandant, bnt the 
nstoral outcrops are, withoat exception, free from strife. It is only 
where recent ezcaTations made by human agency discover a surface 
of limeetone which had been ooutinaonaly covered since the glacial 
period, that strife have been found upon it. It mast be believed that ' 
atris were very generally present on the limestone at the outset, since 
Hie rock is admirably adapted to receiving them. The oonoinsion 
that they have been obliterated by weathering in post-glacial time, 
except where e£GcientIy protected, seems to be the only one (o which 
the facts lead. 

The surface of the crystalline schist weathras much more readily 
than the surface of the trap, the Hsdson Eiver formation, or the rocks 
of the Kittatinny and Green Fond monnlain ranges. Over most of 
the crystalline schist area where rock exposures occur, tfaey are natu- 
ral. This means that the exposed surfaoee have not been protected 
since the retreat of the ice, and any glacial markings they once pos- 
Wflsed have lai^ly disappeared. The crystalline schists are less well 
adapted to receiving scratchee than some other aorta of rock, because 
of their superior hardness. 

Becorded strife are most abundant on the shale and sandstone belts 
of the weetem port of the State, and cm the trap ridges. These for- 
mations seem to have been well adapted both to receiving and retain- 
ing the strife. 

The total number of localities where strise have been recorded in 
Warren county is 36; in Sussex county, 77; on the crystalline highlands 
west of the Green Pond mountain range and east of Sussex county, 
12 ; on the Green Pond mountain range, 7 ; on the crystalline high- 
lands east of the Green Pond mountain range, 6 ; between the crys- 
talline highlands on the west and the Hackeneack valley on the east, 
63, mwnly on the trap ridges ; on the Palisade ridge, 180. Is all 
cases the records represent the average direction in the immediate 
locality of observation, if all strite of that locality ore essentially 
parallel. Where there are two or more notably divergent systems of 
directions, they are recorded separately. The 380 records of striie 
for the northern part of the State by do means represent all tint 
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bave been observed. In muiy localities nnmerona closely asaociated 
rock expoeorea show Btrie in directiom so nearly the same that but 
a single record was made for the many. 

Dirtt^iona. — In general it may be said that the strice upon the 
Palisade ridge indicate that the ice here moved considerably east of 
south. West of the Palisade ridge the striie in general have a direc- 
tion west of south. To this general direction there is a single 
locality which coostitatee a notable exception to the rale. This is in 
the vicinity of lake flopatoong, where the course of all markings is 
east of south. While the strite over most of the State point some- 
what west of south, the amount of westing varies greatly. 

On the whole, the strite show that the ice was influenced to some 
extent by the underlying topography, but that its motion was by no 
means strictly dependent upon topography. This independence 
clearly indicates that the thickness of the ice at the time of its maxi- 
mum development was oonsiderably more than enough to overtop the 
mountains of the northern part of the State. The easterly movement 
of the ice from the valley west of the Palisade ridge over the ridge 
itself, was a movement which must have taken place in spite of the 
obstacle which the ridge itself constituted to glotuer motion in this 
direction. Along the Green Fond mountain range, as also along the 
Kittatinny mountain, the direction of movement was not parallel 
with the trend of the range. The same general relation is shown 
along the Watchung mountains. Theee several examples dearly illus- 
trate the fact that thedirtotion of' movement was measurably inde- 
pendent of topography. The general direction of ice movement is 
shown on the accompanying map (Plate II.) The directions here 
indicated are oonsiderably generalized, the scale of the map being too 
small to show the very considerable deflections occasioned by the 
larger topographic features. 

In many localities strise are found which are not parallel to each 
other. The varying directions may be seen on the Fame sur&oe or on 
closely associated surfaces. On a given surface, the inharmonious 
linings may be arranged in two or more sets, each of which has a 
definite, measurable direction. In other oases there are strife pointing 
in all directions between certain limits, and the d^ree of discordance 
may be great. 

Discordant and orosnng ilria!. — Sharply crossing sets of stris are 
relatively rare, though not unknown. Discordant striss of the other 
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eort are frcqiient]7 seen. Theae diaooidant and croesing strin were 
probably msde st different Btagea in the ice epoch, when the ioe had 
«omewbat different direotions of moT«ment. Local topc^raphio 
features were mnch more effective in controllii^ the direction of 
motion when the ioe was thin, than when it was thick. The ice most 
have been thin in each aitnation at least twice in the history of an ice 
«heet— onoe while the ice was developing, and onoe when it was dia- 
«ppearing. Between these two periods, the ioe was relatively thick* 
The apparent lack of harmony in Uie directions of strin at the east 
iiase of the Kittatinny mountain, and in some other oomparable aitna- 
tions, is donbtleas to be explained by the supposition that they were 
made at somewhat different times, and that etch direction recorded 
represents a more or leas temporary direotton of movement. 

Striae wot of the en/Halline schist hiffhlandg. — The testimony of 
observed atrisa on Kittatinny mountain and in the Eittatinny valley is 
«iioh as to allow certain more or lees detailed oonoluuons concerning 
4he direotioiis of the ioe movement to be based opon them. These 
will be oonsidered get^raphioally from west to east 

1. West of the Eittatinny mountain the ice movement seems to 
faave been approximately parallel to the strike of the formation, and to 
the trend of the more prominent topographic feiUnrea, that is, about 
S. 40° W. So far as data show, deviations from this general direo- 
tion seem referable to minor topographic features. 

2. In Pahaquarry township, Warren county, and in the Bonthem 
part, of WalpBck, where the Eittatinny mountain is only a narrow 
ridge, the ice moved across the top of the ridge in a direction some- 
what more southerly than that of the trend of the ridge itself, and 
eomewhat more southerly than in the adjoining part of the Eitta- 
■tinny valley. The striw here point from S. 11° W. to S. 26° W, 
i(oorreoted), with local variations dne to local topography. 

3. On the northern part of the Eittatinny mountain, where the 
tange widens ont into a broad ridge or platean, the direction of move- 
ment aorbss the crest was radically different from that farther eoath. 
6tri» are not aooesaible over the larger part of the aurfaoe, but on the 
higher part near its eastern maif;in, they are abundant. At the 
eastern foot of the escarpment they are approximately parallel to the 
trend of the mountain, that is, about 8. 40° W. Toward the sumoiit 
of the mountain, the westing iocreasee gradually. At the summit it 
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incKases at a boand, and the striee point, in one case at least, as macb 
as ^° nor^ 0/ vstA. 

Thongh some of the extraordinary directions may be the reeult of 
local topography, the sadden westerly taming of the sttise on the 
crest of the ridge is a general fact. Many of the strisa pointing some- 
what north of west are certainly not dne to local defieotion, When 
stndied in relation to their associations, the strife of this part of the- 
monntain show that the icfl was kept from moving 90 much to the- 
weet B8 it otherwise woald, by the eastern escarpment of the moontain, 
and that so soon as it surmountfid the crest, it yielded promptly to the- 
westerly tendency. 

4. Along Ae eastern base of the Kittatinny moantain, the ice- 
movement was approximately parallel to the trend of the escarpment^ 
tboagh the strise are not all barmonioas in direction. The bam of » 
moontain range is jast the place where direction of movement was- 
likely to vary macb daring the history of gUoiation. £ast of the- 
base of the Kittatinny moantain, the westing of the atrie lessens,, 
and throaghoat the western half of the valley the movement wa» 
more to the west than in the eastern half. Between the northern and 
soathem ends of the valley, there is little difference in the direction of 
strisB in the weat half, though the westing increases very slightly to 
the Boath. 

5. Along the eastern and lower side of the Kittatinny valley, the 
movement was notably more soutberly than over the higher slate hills- 
along the western side. The avenge direction of the strise along the 
eastern side of the valley is 8. 18° to 8. 28° W. (corrected). This is a 
direcUon considerably more soatherly than the trend of the valley itself^ 
or than the trend of the steep front of the high land bordering it on the' 
sontheast. If the strite in the northern half of the east side of th» 
Kittatinny valley be compared with those in the soathem half, it i» 
fonnd that the former have an average direction 28° west of south,, 
and the latter an average direction 20° west of south (the anoma- 
lous direction on Jenny Jump mountain not being inoladed). These 
figures show that along the eastern side of the valley the motion wa^ 
more westerly in the northern than in the southern half. 

The diminution in the westing of the striee from the west side of 
the Kittatiny valley to the east is still further emphasized when the 
strife on the highland to the east are studied. On this highland the 
westing lessens, especially to the sonth, until it disappears altogether,, 
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and abont lake Hopatoong actiuU7 ff-ves place to a slight easting. 
This means that near its limit, the motion of the ice was obliquely 
toward the Green Pond mountain, and eeaeDtially at right angles to- 
the moraine cloee at hand. 

Stria on the cryaUMine highbmd area, — The glaciated part of the- 
cryetalUae highluid area is divided into two approximately eqoal 
parte by the Green Pond monntaia range. On the western side of 
this range, etrite were fonnd at bat fifteen localities. Of these, three 
were not on the oystalline schist proper, but on the other formatioDB- 
which lie at the weet base of Bear Fort moontain. They are so 
closely asBOGisted with the strife of the crystalline sdiist area, that they 
are best considered in this connection. 

The avenge direction of the striEe on the crystalline highland area 
weet of the Green Pond mountain is about 8. 1 0° W, The noaxi- 
mam westing is S, 45° W. at the south end of Clinttm reservoir. 
The minimum westing is an easting of 27°. This oocnrs on the west 
side of lake Hopatoong one and a half miles southwest of Hard- 
town. In the northern half of the orystalline schist highland are» 
weet of the Green Pond mountain range, the movement of the ioe' 
was considerably more to the west than in the southern half. The- 
average direction of the strise north of the lake is about 20° weet of 
south, while the average direction south of the lake is abont 14° east^ 
of south. Passing from north to south in this area, the strin do not 
show a anifoxmly-decreasing westing. Within the northern half of 
the area there is very little differenoe in direction between the east^n 
and western portions. 

Within this area there are a f^w striie which do not appear to coo- 
form to the general direction. The most anomalous deviation oooar» 
east of Dnnker's pond, where the strise point in a direotioa S, 7" E.,. 
whereas in the immediately-surrounding region all known strin point 
considerably west of south. At other points, also, the striss depart 
from the normal direction. These vaiiations are probably the result, 
of the different directions of movement of the ice in the same place 
at different stipes in the history of ioe movement. IMstinctly-crces- 
in^; strise are found at bat one point, vis., at the soothwest end of 
Clinton reservoir. Here there are three seta with directions of 8. 45**' 
W., 8. 30 W., and B. 10° W., respectively. 

On the Green Fond mountain range itself, including Bear Fort^ 
Kanoase and Copperas moantains, strife have been recorded at but 
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«evea localities. Their general coarse is west of sooth. The maxi- 
taam westing is 8. 67° W., a mile and a half north of Postville, od 
the east side of Bear Fort monntain. The minimam westing is on 
Oopperas moantain near the Davenport mine, where the strite have a 
■direction of 8. 3° £. The average direction for the entire range is 
«bont 8, 17° W. The average direction for the northern part is S. 
33" W., while for the aonth part of the range it is 8. 6° W, 

On the crest of the ridge there is a uniform decrease in the westing 
from north to sonth. At the north end, the direction is 8. 22° W., 
near Terraoe pond, while toward the southern end the directions S. 
7° W. and 8. 3° E. are found. This decrease- in westing from north 
to sonth on the crest of the range is in accordance with the decrease 
in westing on the highland region west of the monntain, as shown 
«bove. On the whole, the etris on the crest of the range have a 
westing coneiderablf less than the trend of the monntaina themselves. 
The mazimnm weaUng on the crest is 8. 22° W., while the trend of 
4he range itself is aboat 8. 40° W. 

On the west slope of the mountain, striffi were fonnd in oalj two 
{>laoes. These were in accord with each other, their direction being 
^ 42° W, The westing in these cases is much more considerable 
than that of the strise on the highlands west of the range, and more 
considerable than that of the range itself. The westward slope of the 
range may be responsible for their apparent excess of westing. 

On the east slope, strise were found only north of Newfoundland. 
On this slope the westing increases to the sonth. This is contrary to 
the change in direction along the crest of the monntain, where the 
westing decreased to the sonth ; but the number of strice recorded on 
the east &oe of the mountain is so small that from them it is perhaps 
unsafe to generalize, A few of the atrite are worthy of note. In the 
latitude of Greenwood lake they have a course of 8. 6° £. to 8. 12° 
W. A little iarther south ; in the latitude of Cedar pond, the direo- 
'tion is 8. 67° W, These recorded etrise are on the east slope of the 
mountain. Id the first locality the direction is less westerly Uun the 
■direction of the mountain range, and less westerly than most of the 
«trise in the same latitude west of the range. In the second locality. 
Cedar pond, the reverse is true. Here they have a greater westing 
than either the mountain range or the strise on the highlands west of 
the range. No striee were foond on the summit in the same latitude, 
with which to compare theee directions. 
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On the crystalline bighlanda east of the Green Fond mountain 
range, striEe were recorded in bot six looalities. Though fi«qaently- 
ezposed, the rock is rarely striated. The average direction ie about 8. 
20° W. The maximum westing is 8. 62° W., north of Montville. 
The minimum westing is 8. 10° W., one mile southwest of Midvale. 
Compared with the average direotion on the Green Pond moantaia 
range, the ice movement was more westerly east of the range than oi> 
it. Compared with the average direotiou of the stria on the high- 
lands west of the range and north of lake Hopatoong, the movement 
had nearly the same direotion. On the whole, it woald appear that 
the westing in this area in<9'ea9ed slightly toward the Green Pond 
mountain, and that it also increased from north to south. 

From a stndy of the strin of the crystalline achist area aa a whole, 
indnding the Green Pond mountain range, it seems that the striE» 
have nUher less vesting on the range than on either aide of it ; that 
they oorreapond much more nearly in direotion in the northern half 
of the area, than in the southern ; that in the sonthem half, on the 
west side of the Green Pond mountain range, the movement not only 
lost its westing altogether, but was aotoally to the east of south, 
toward the Green Pond mountain range itself; that on the east side- 
of the Green Pond mountain range in the southern pwt of the area, 
the westing of the striee increased. The movement, therefore, 8eem» 
to have been somewhat toward the south end of the Green Pond 
mountain range from either side. 

It mil be observed that on the west side of the Green Pond moon- 
tun range, wh^re the direction of the strife is east of south, th& 
latitude is eesentially that of the south end of the mountain range. 
It ie to be noted also, that the maximum westing of strise found in 
the whole area ie on the ta^ elope of Bear Fort moontain, 8, 57° W.,. 
a direction notably more to the west than the oourse of the range 
itself, although the general direotion of striEe in the r^ion is &w 
westerly than the course of the mountain range. 

&rvz we*< of tiit PaiUadt ridge and aoutheari of tite oryakUline 
higJUanda. — Within this area strise are nnmerons, especially on the 
trap ridges. Thfy have been recorded in sixty-three looalities. 
They take the form both of minnte scratches and well-developed 
grooves, though the former are more abundant than the latter. The 
average direction in this region, barring deflections which appear to 
he the result of local topographic features, is about 8. 60° W. The 
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westing U rather greater in the Dortbem part of the area than in the 
fioathern, a condition of things jnat the leveree of that whidi is true 
in the highlaDd area to the west. Toward the southern portion of 
the drift-ooveied area, as the moraine is approached, the direction of 
the strise seems to shift so as to aseame a course approximately at 
right angles to the direction of the moraine. 

The maximum westing in this region is 8, 78° W., on the summit 
of the mountain west of Pateison. The minimum westing leoorded 
is due south, at Mountain Yiew, due probably to local top(^;niphic 
relations. In the northern half of this area there is very little diff^ 
«noe in the direction between the eastern and western portions where 
«trige are recorded, bat in the southern half, the westing is much 
gireater in the western portion than in the eaatcm. Indeed, on Snake 
hill, some of the Btriie point east of south. Within this ai«a the 
trap ridges had much infinenoe, locally, in determining the direc- 
tion of ice movement at the time when the recorded strife were made. 
Thus at the easlem base of that part of Third mountain lying south- 
west of Mountain View, the strife have a direction S. 15° to 8. 27° 
W., while on the west side of the same mountain they range from 8. 
51° to S. 62° W. The striie on Second monntun have a similar be- 
havior. Snake hill also exerted a diverting inflaenoe on the ice, and 
the disoordant directions on various parts of that bill are doubtless 
due to its own deviating influence. 

Comparing the strise of this area with those farther west, it is 
to be noted that the strife southeast of the crystalline highlands 
have a westing considerably greater than that of the abisB on the high* 
lands themselvN. 

Strfte on Vie Palisade ridge. — On the Palisade ridge recorded strise 
are very abundant. They are found in all latitudes from the north- 
ern boundary of the State to Bergen Point. With the exception of 
the few strise at the western base of the ridge toward the south end, 
the strife alt point east of south. The easterly divergence is more 
toward the north end of the ridge than toward the south. The de- 
crease in easting is from 8. 74° E. in the latitude of Closter and 
Alpine, to S. 43° E. in the latitude of Hoboken, an average decrease 
of something like 30°.* The strise not only change their course from 
north to south along the ridge, bot their direction stands in some 

* For full account of the Btriie of the Palisade ridge aee report of State Geologist 
for 1S98, pagea 61-170. 
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relationship to the altitude of the rtdge. Id general the easting 
inoreaaea toward the top, in which position it is greatest. The 
ohange in the direction of striee with increase of altitude, on the west 
face of tliis ridge, is in ever^ wajr analogous to the change which 
lias been noted as ocourring on the east faoe of Kittatinny mountain. 
VarielUa of glatsial markingg. — By far the larger number of 
recorded directions of ice movement are the records of small strise. 
Deep grooves are relatively rare. Chatter marks are Dot frequent. 
Smoothed and polished sar&oes, which do not tell of the direotton of 
ice movemeDt, are rather common. The greatest variety of gUcial 
markings known ie fonnd npon the Palisade ridge. This is partly 
because this ridge haa been atndted in more detail than meet other 
Areas with refereuoe to this point, and partly because excavations are 
here so itequent that the glacial markings are well exposed. The 
varions forms of glacial markings which are fonnd on this ridge have 
already been described.'*' 

*Lcic oit., p. 170, et itq. 
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SECTION III. 

CHANGES IN DRAINAGE— LAKES— CHANGE3 IN THE: 
COURSES OF STREAMS. 

With a single exception, the larger streams of the glaciated area of 
New Jweey follow approximately the drainage linee establiehed before- 
the advent c£ the ghudal period, or at least before the advent of its- 
last epoch. The single exception is the Fasealc system. The drain' 
age from this basin bears little resemblance to that which existed 
before the disturbing ioflaence of the ice made itself felt. 

The reasons for the general immunity from change in the case of most 
of the streams of northern New Jersey may be readily pointed ont Id 
the first place, most of the valleys of the glaciated portion of the State- 
were parallel, or eseentially parallel, to the direction of ice movement 
In this position, glacial erosion tended to emphasise them, rather than 
to make them less marked. Had theur coarses been at right angles to 
the direction of ice movement, or even obliqde to it, the distarbtng 
inflaence of the ice would have been much greater. In the second 
place, most of the valleys were deep. The considerable elevation of 
the re^on, together with its matare drainage, had determined thi» 
point. Deep valleys are leas readily obliterated, either by erosion or 
l^ filling, than diallow ones. In the third place, the rook in which 
they were cot is, on the whole, hard, and hard rook yields to the 
erouon of glaciers maoh less readily than soft. Deep valleys in soft 
rock woold stand moch better chance of obliteration, other things- 
being eqaal, than correeponding valleys in hard rock. In the foartb 
place, the thickness of the drift over most of northern New Jersey i» 
rather slight, so slight as to &il to fill the valleys which pre-glaoiat 
and gladal erouon had excavated. When the ice receded, therefore,, 
the valleys still remained, and along them drainage re-established 
itself. Had the thickness of drift been great, the result might have- 
been different. The hardness of the rock bad something to do with 
the pancity of the drift. lastly, the terminal moraine, which repre- 
sents the thickest belt of drift in the State, crosses few of the 
important drainage lines. For these reasons, the larger pre-glacial 
valleys are also the post-glacial lines of drainage. 
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With these genaral prinoiplee in mind, more speoifio refeienoe mif 
be msde to tbe existing draini^;e. In the uortliwestara part of the 
State, all the main valleys, and many of the minor ones, were ezoft- 
vated in pre-gladal time. In many cases tbe position of the Btreams 
in the vallejs, and in some oases the direction of dratni^e, is not tbe 
same as before the ice iavasioQ. The "rifiEa" in the Delaware probably 
Indicate, in some oases at least, that tbe river has been locally shifted 
from the center of tbe rock valley to one side, and thus super- 
imposed upon the rock slopes. 

The number of cases in which reversals of drains^ can be affirmfid, 
is small. Tbebest-nkarkedcaseisinthe Flat brook- Mill brook valley, 
near Montague. The valley is here greatly obstructed by moraiuio 
axnmalations."' Just north of the moraine a stream (no namej 
flowing down tbe slope of Kittatinny mountain and crossing the 
flat brook-Mill brook valley nearly at right angles, has out through 
the narrow ridge separating this valley firom tbe Delaware. Tbe 
position of the stream across this ridge was determined by a sag, tbe 
elevation of whidi was nearly the same as that of the surface of the 
gravel deposits in the Flat brook-Mill brook valley. The stream has 
cat a narrow, steep-sided goi^ throngh this lidge to a maximum 
depth of forty to Sfty feet, all but four or five feet being in rock. 
In pre-glacial time, the streams which flowed down the slope of Kit- 
tatinny mountain did not enter the Delaware directly, but joined tbe 
stream which then occupied the axis of the Flat brook-Mill bnx^ 
valley. 

Through its entire length this valley has been fllled to an unknowa 
depth with stratified drift. As now, so in pre-glaoial times, tbe drain- 
age of this valley was partly to the northward and partly to the south- 
ward, a low divide separating the two parts. In spite of this, it is 
extremely doubtful whether the divide corresponded in position with 
that which now separates the two streams. It is probable that it waa 
farther south, thos inoreasiug the length of Mill brook, at the expense 
of Flat brook. 

The round-aboat course of the upper part of Paulina kill from New- 
ton, via Lafayette and Augusta, is probably entirely poet- glaoia). It 
is probable that the headwaters of Faulins kill lay to the ncvtheast •£ 
Augusta in pre-glaoial time. The ahaip turn of the Papakating 
creek, two miles northeast of Augusta, is probably due to direct 

*See anif, page 20. 
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obstructions in the BOotfaweet-nortlieaBt valley at that point. It is 
probable that before the last glacial epoch that part of the Papahating 
ereek above the bend was tributaiy to PaatiDS kill. It may well have 
been the upper part of the Pauline kill itself. This is, however, 
largely hypothetical, as no conclusive evidence is at hand. Judging 
from surface indications along the Papakating creek northeast of 
Papaksting station, and also in the vicinity of Roy's station, it 
may well be that the pre-glacial divide between the Paulina kill and 
Papakating was some miles northeast of Augusta. The drainage 
along the valley from Newton to Branchville JuncUon probably 
joined the Peqnest system, though by a ronte which is not now 
known. 

Along the Peqnest river a few changes can be mode oat. The 
winding coarse of the river northeast of Danville is due to the 
obetrnotion of the valley by the terminal moraine. The pre-glaoial 
course was probably in a more direct line from a point jast above 
Danville to Townsbnry. The roand-about coarse of the upper part 
of this river, from near Hunt^s Mills through Bear swamp to Bpring- 
dale, and then southward, is qaite certainly not the pre-gladal oonrse, 
although it is impossible to locate definitely the earlier drainage 
lines. 

In default of borings, it is impossible to say whether the pre-glacial 
drainage of the Germany Flats valley was northward into the Wall- 
kill valley at Hambui^h or southward into the Peqnest valley. 
Judging by the relative width of the valley in various parts, the 
drainf^ of that part now occupied by Qermany Flats was probably 
northward along the present course of the Wallkill. 

The pre-glacial drainage of the Wallkill valley was northward. 
This is clearly indicated by the increasing depth and width of the 
valley in that direction. The same is true of Yernon valley, though 
its bead may not have been so far south as at present. 

In the central part of the State the drainage outside the moraine 
was disturbed at a number of points. The area occupied by Budd's 
lake is believed to have drained to the north in pre-glaoial time. 
This northern outlet was blocked by the moraine just north of the 
lake, ^ving rise to the lake, whioh then overflowed the lowut 
point in its rim, and its surplns waters found escape via the South 
Branch to the Raritau. The other notable change in drainage 
in this region has to do with the Black rivet. As stated in 
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a previous report,* the preseot coarse of this river is believed to 
be, in some Beoae, poat- glacial. The valley whioh it occupies is a 
{>re-glacial valley, but the drainage through it has been reversed. 
North from Haoklebaraey, two miles southwest of Chester, the 
pre.glaoiaI drain^e through this valley was to the uorth, Joiniag 
the Bockaway north of Kenvil. Near its poiut of jauction mth 
the Bockaway, the moraine filled np the valley in such wise as to 
^bstiuot drainage in this direction. The waters which had hereto- 
fore reached the Rockaway were ponded back above the point of 
-obstmotion. They rose until they found escape to the south, in 
-which direction they have oontinaed to flow. The valley from 
Haoklebamey southward was a pre-glaoial valley. The divide between 
it and the headwaters of the northward-flowing stream was a low 
«ol, across which the waters found their escape after the moraine was 
formed. 

On the highland area of northern New Jersey, the changes in 
drainage efiiected by the ice are minor. In some oases the streams 
were shifted about to a slight extent in their courses, This resulted 
from the partial filling of the valley bottoms with stratified drift. 
The poet-glacial streams chose the lowest courses open to them at the 
-close of the depoeition of the drift, without reference to the position 
of the axis of the valley. It is doubtless true that many ravines and 
very small valleys on the slopes are filled np so as to give no surface 
indication of their existenoe. The covering of drift in this r^ion is 
so slight, however, that no considerable pre-glacial valleys are believed 
to be concealed. 

East of the highland area, data concerniug the courses of the pre- 
glacial streams are meager. The altitude of the country is here not 
^reat, and the drift is relatively thick. More commonly than other- 
wise, artificial excavations have not penetrated so deep as to reach its 
bottom, and little can be said, except in a general way, concerning 
the ooutse of the drainage before the drift was deposited. It is 
reasonably certain that the streams had courses corresponding in 
general direction with those now in existence, but the details of their 
courses may have been very different. 

Bobinson's brook, a tributary to the Rahway river. Sows through 
A valley which is lai^ly of post-glacial origin. The Bahway 

'Annual Report of State Geologist, 1893, p. 150. 
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itself does not follow, throughout all its oooTHe, a pre-glaoial line of 
drainage, though it does bo in part, 

Od the wcBt faoe of the Palisade lidge many ravines and trivial 
valleys may have been filled up by drift, so as to give no Biir&u» 
indication of their existence. At a few points their existence has 
been shown by borings. 

By far the most important changes In drainage effected by the ioe' 
and its deposits were in the basin of the Passaic. The extremely 
ciicoitoDS coarse of this stream cannot fail to attract attention. 
Having its sources at various points from Mendham to Morristown,, 
the waters o£ the system flow southward and westward, escaping from' 
the area of the Great swamp through a narrow gorge aciosa Long 
hill, at Milliogton. After escaping from the Great swamp, the river 
follows the depreeeion between Long hill and Second mountain, to 
Stanley, where it crosses the line of the moraine. From this point 
its slavish waters find their way northward by an irregular course 
through Hatfield swamp and Great Piece meadows. Then, tuming^ 
east, the stream escapes across the Orange mountains, through gaps 
at Little Falls and Paterson. Thence its course is southward to 
Newark bay. There is hardly another river of equal size whidi has 
so irregular and nnnatural a course. 

It seems probable that in pre-glacial time the headwaters of th& 
Faseaic were in the vicinity of Mendham, as now, and that the drain- 
age flowed thence eastward through the area of Great swamp, across- 
the present site of the moraine, somewhere between Madison and 
Chatham, thence southeastward across First and Seoond moontains,. 
via Short Hills and Millbom, and eastward to the sea. The fadfi on 
which belief in this course is based, were stated in the last report,* in 
connection with the history of Lake Passaic. As (here stated, there- 
is a deep drift-filled gap across Second mountain near Short Hills,, 
the bottom of which is known to be not more than 170 feet above 
the level of the sea. Between First and Second mountains, in line 
with the drift- filled gap in Second mountain and the broad gap in 
First mountain at Millbarn, the surface of the rock is known to be not 
higher than the level of the sea. It is almost certain, therefore, that 
the rock bottom of the notch in Second mountain is very much lower 
than the figure indicated above. These facts seem to indicate clearly 
that in pre-glacial time the drainage of the Great swamp area fol- 

*AiiDuaIBepoit of the State Ooologist for 1893, page 304. 
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lowed a mnoh more direct ooarae to the sea than now. The drainage 
from a large part of the area north of Short HiUa probably joined 
that of the stream which found its way to the sea by ^e Short Hilla 
and Millborn gaps. It is uncertain whether the Bookaway river 
flowed to. the south and joined tbis system, or whether it tnrned east, 
sontfa of Horse Neck, as now, and escaped across the moantaiDS via 
Little Falls and Paterson. The latter is the more probable. 

One other notable drainage change should perhaps be referred to 
in ' this connection, altbongb it lies altogether outside the glaciated 
Area of the State. This is in the conrse of the Raritan river. Aa 
etated in the Aunnal Report for 1892,* there is mnoh reason to believe 
that at some early time the Raritan river, following its present course 
to a point midway between SomerviUe and Bound Brook, turned 
thence southward up the present valley of the Millstone, following 
that valley to its junction with Stony brook, thence up the valley of 
Stony brook, and across the low divide which separates it from the 
Shipetauhin, thenoe down the Shipetaukin and AsBanpink valleys to 
the Delaware. The date of the reversal of this drainage has not been 
flxed. It may have been as late as the last glacial epoch, or it may 
have been somewhat earlier. Quite certainly it occurred within the 
Pleistocene period. 

THE LAKES OF KOBTHEBN NEW JEB8EY, 

One of the most conspicuous effects of the changes in drainage 
ilue to the ice of the glacial period is to be seen in the great abund- 
ance of lakes, ponds and meadows in northern New Jersey. Many 
of the marshes and meadows represent extinct lakes. Many of the 
lakes, both existent and extinct, came into b«ug as the direct result 
of interference with drunage. Th^ may, therefore, be properly 
'Considered in connection with the changes in drainage effected by 
the ice. 

The lake and pond basins of the glaciated area of the State belong 
to several distinct classee. These are as follows: (1) Limestone 
sinks ; (2) rock banns produced by glacial erosion ; (3) basins pro- 
'dttoed by the obstruction of river valleys by means of the drift ; (4) 
depressions in the surfaoe of the drift itself; (5) basins produced by a 
■combination c^ two or more of the foregoing ; (6) lakes and ponds 

' Annnal Report of the SlaU Qeologist, 1892, p. 124. 
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prodaoed hy artificul means. The fourth olasa, as apedfied abore^ 
may be subdivided into two or three divisions, viz., (a) depressions in 
tfas aurfaoe of the terminal moraine; (b) depressions in the sarface of 
the groond moraine; (o) depresaions in the sar&oe of the stratified 
drift.' Biaoe the stratified drift in which the lakes of this last enb- 
olass lie is lar^ly in valleys, it woald not be altogether inappropriate 
to class them with the third groap specified above. 

In some oasea it is not poeeible to say with abaolute certainty that 
the baain of a given lake or & pond belongs to one or another of the 
Torching olaaees. It frequently happens that available data are too 
iosafficdeot to make it poeaible to determine all elements involved in 
the origin of a given baain. Nevertheless, moat of the lakes and 
ponda of northern New Jersey can be classified in one or another of 
the foregoing gronpa with a reasonable d^ree of certainty. 

1. Xmeitone amis. — In northern New Jersey there is one small 
pond whidi ooonpiee a depression caosed by the collapse of an nnder- 
groond cave in limestone. This lies three- qnartera of a mile north- 
east of Bhurstown, near the point where a road tnms sooth tO' 
Paulina. The pcmd is very small and shallow. Aa a body of water 
it is inugnifioant, bat it has some interest aa a representative of on& 
type of lake baain. The basin occupied by this little pond has beea 
deepened in post-glacial times. The bottom of the sink ie fully sixty 
feet below the highest point at its rim. Five or six feet from the 
bottom, the alope of the sink changes abruptly, becoming very steep 
below. This would seem to indicate a sinking of the bottom of the 
pond to the extent of five or eix feet since the ice departed. Sink- 
holes of like origin are occupied by marahea at varioos points. 

2. Soek banns prodvoed by glaeitU eroaion. — A second type of lake 
basins which finds representation in northern New Jersey is the rock 
ba«n produced by glacial erosion. It cannot be affirmed that there 
is more than a single representative of this olaaa of lake baein in New 
Jersey, though there are several lakes which may poesesa such baains. 
In these oases the uncertainty is due to the faot that decisive data are 
not avulable. It is often no easy matter to prove that a lake occupies 
a rock baain, even when such is the faot. To establish a case beyond 
doubt, it must be shown, either by outcrops ot by borings, that the 
rock rises at all points about the lake higher than the deepest part of 
its basin. Where the drift is thick, and especially where borings are 
wanting or few, it is often impossible to make this determination. 
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Even if a rock baein be demonBtrated, it 11187 ^ ^^^7 ^iffioalt to 
prove that it is the resuH of glacial erosion. A rock baain may be 
prodaced hj local auUidence, or by defonnation of the strata in 
vhioh it oGcars, Between rook basins so formed, and those formed 
hy giaoial erosion, it may be impossible to distinguish, in a r^on 
which is heavily covered with drift. A rock basin may be greatly 
deepened by having its borders built up by drift. In snoh cases it is 
often difficult to determine to what extent the basin is really a 
rock basin, and to what extent it is a basin hemmed in by surface 
accumulations. 

Sand pond, on Hamburgh mountain, quite certunly has a rook 
basin. This pond lies two and one-half miles east of Hambui^h. 
It is triangular in shape, and on three sides is surrounded by higb 
hills where ledges of rock are so abundant as to preclude the possi- 
bility of a drift-filled outlet. At the weetem end, the bordering 
sorfaoe is lower, and here the pond has its outlet. Along this outlet 
the outcrops of rock are so abundant, and so disposed, as to show 
that solid rock occupies a level higher than the bottom of the lake. 
The maximum depth of the pond is probably not more than forty feet, 
and its average depth is probably not more than half this figure. 

Sand pond, west of Coleville, may have a rook basin, but this is 
not beyond question. At its sonthem end there is so great a body of 
drift that, in the absence of borings, oertun determination of the 
nature of the basin is impossible. Cedar lake, near Blairstown, is 
closely hemmed in by high rock ledges on either side. It may occupy 
a rock basin, but there are considerable masses of drift at either end 
of the lake which greatly deepen the basin, even if not entirely 
responsible for it, 

3. Badn3 prodiustd fcj the obetrueUon of river vaUet/» by meana of ih« 
drijt. — The basins of the larger number of lakes in the glaciated 
part of New Jersey were formed by the obstruction of river valleys. 
To this class belong the following : 

In Warren county. — Allamncby pond, Glover's pond. Cedar lake 
(possible rock basin). White pond, Sunfish pond, Catfish pond, 
Bhuster pond. Mud pond (Hardwick township) and Sand pond. 
Here also may belong Silver lake and Mnd pond (Hope township), 
though they may belong to the next class. 

In Sussex county. — Catfish pond. Sucker pond, Quick pond, Mud 
pond (Stillwater tuwnabip), Swartswood lake. Hunt's pond, Idttle 
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food and two annamed ponda northeast of it, Long pond (Fiankford 
township), Calver's pond, Sand pond, near Coleville (possible rock 
basin); Long pond (Walpaok township), Round pond, Mashipaoong 
pond, Lake Maroia, Decker pond, Roe pond. Mad pond (Varntm 
township), Wawayanda lake and Laurel pond. It is altogether pos- 
sible that some of these lakes may have rock basins, but there are 
Mme of them which, in the light of present knowledge, may not be 
aocoanted for by the drift- filling which blocks one or both ends of 
the more or less elongated valleys in which they lie. 

In Morris omttUy. — Qre^D pond, Lake Kinnelon (Stickle pood), 
Badd's lake, Split Rock pond and Lake Hopatcong. 

In PaBBOK count}/. — Hank's pond, Macapin lake, Terraoe pond. 
Greenwood lake, and Negro pond. It is very probable that some 
other small ponds belong to this category, and there are other lakes 
whioh may owe their origin in part to the blocking of valleys. If so, 
Ae valley-blocking does not appear to play the most oonepiououa part 
m the formation of their basins. 

The drift which blocks the valleys, giviug origin to the lake 
baains, is som^imee stratified and sometimes unstratified. Many of the 
▼alleys are blocked at one end of the lake only, white others are blocked 
tt both. North of the moraine, one lake only appears to owe its 
ezistenoe to the blocking of a river valley by the moraine itself. 
His is Green's pond, in Warren oonnty. Oat«de the moraine, there is 
likewise a single lake which owes its origin to the damming of a valley. 
This is Badd's lake, in Morris ooanty. Though the lake now drains 
to the sontb, its site is believed to have drained to the north, 
before the last glacial epoch. Blocked by the moraine just above the 
lake, wat«r aooamalated in the valley above, until it overflowed 
the divide to the eonth, finding its escape in that direction. The 
lake's northern shore does not reach the moraine, thongh it does reach 
Ibe stratified drift oatside it. 

4. Lake$ in drifi depreanona. — The namber of lakes and ponds 
vooapying depressions in the snrfaoe of the unstratified drif)> is not 
large. To this olass can be referred with oonfidenoe only a few 
mall ponds which have not individual names. The pond east of 
Uewellyn Park and sonth of the railroad, Essex ooanty, appears to 
Mong to this class. Here also belong some of the small ponds on 
Fklisade ridge, in Hudson county. At varions points along the 
terminal moraine there are small ponds which likewise belong to this 
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i»tegory, bat they are too amall to mexit separate mention in this 
connection. Some of the lakes elsewhere referred to may belong to 
thifi cat^ory, as .already Dot«d. 

There is a very maoh more considerable group of lakes whioh 
might, with almoet eqoal propriety, be pnt into the class of lakes 
oooupying basins formed by the obetmetion of river valleys, or into 
the class of lakes oooupying basins in the sarfaoe of the drift. The 
lakes of the groap here referred to lie in depressions in drift whioh 
is for the most part stratified, tlie drift itself being in valleys. The 
lakes of this snb-clase are believ&d to represent the sites of hnge 
blocks of stagnant ice, which lingered in the valleys after the edge of 
the main ice sheet had retreated some little distanoe b^ond them to 
the north. Stratified drift was depodted in the valleys abont these 
ice blocks, while glacial draintmie still ooursed tfarongh the valleys. 
After glacial drainage had ceased to flow through the valleys oon- 
oemed, the ice blocks melted, leaving depressions to mark thor 
former exist«ice. Snob lake basins are dae to the presence of stag- 
nant ice masses, aboat which were laid down the deposits which now 
oonstitnte the sides of the basins.* 

The lakes which are thoaght to belong to this class are the 
following : 

In Sussex county. — Baokmire pond, Tartle pond, Mnokghaw pond, 
Stickle pond, Davis pond, White's pond, Hewitt's pond, Long pond 
(Andover townsliip), Iliff's pond, Howell's pond, Drake's pond, 
White lake (Sparta township), Mnd pond (Sparta township), I^ake 
Grinnell (I^ane's pcmd), and Wrighfs pond. 

la Paasaie eounty. — Franklin lake, the ponds west of Wyokoff, 
and the pond near Freakness. 

In this connection, especial mention should be made of the chain 
of lakes, ponds and marshes in Sossex oounty, which extends from 
Tnrtle pond, near Hnntsville (Green township), almc»t continnously 
to Lake Grinnell, a distanoe of eleven miles. The Lehigh and Hnd- 
8on River railroad follows the chain of depressions between these 
points, and from it good views of the depressions can be had. It is 
believed that a snooession of hnge ice blocks lay in this valley while 
the main ioe front was a little farther north, and that drainage from 
the main ioe sheet to the north oonrsed through the valley, depouting 
sand and gravel about and among them. In some oases the ice masses 

*Ani]Qal B«port (rf the 8til« Otologist for 1893, page 154 
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were donbtless completely bnried. They probably petsiated nnti) 
glacial drainage ceased to flow throagh the valley, that ia, antil the 
ice sheet had retreated beyond its head. Their melting then gave rise 
to basins, the larger of which are now ooonjned by ponda or lakes, 
while the amaller gave origin to marahee only. 

Many of these lakes contain more or lees white shell marl, the 
reanlt of the accumalation of shells, mainly of snaila. The white 
marl is known to occur in at least seven of them, viz,, Buckmire 
pond, Turtle pond, Davis pond. White's pond, Drake's pond. Mad 
pond and White lake. In some of these the marl can be seen from 
the shore, but its extent and depth are generally unknown. 

6. OcmAination types. — A very oonsiderable nnmber of lakes occupy 
depressions which do not fall into one or other of the foregoing 
classes. They are depressions which are partially bounded by drift, 
and partially by rook. They are due to the disposition of the drift 
with reference to rock elevations. It is possible that they are in 
many oas^ prodaoed by the obstraction of vallejrs by means of the 
drift, but if BO, this relationship does not clearly appear. To this 
type belong the following lakes : 

In Sutttx county — Stag pond, Morris pond, and Losee pond. 

In Pasaaie oourUy. — Tice's pond. Rotten pond. Mud pond, Shep- 
pard's pood, and the pond on First moontain, south of Paterson. 

In Morris eimniy. — Dixon's pond. 

6. Lakes formed by human agency. — There is a very considerable 
number -of lakes or ponda or reservoirs produced throagh hnuutn 
agency, by the obstruction of natural drainage lines. In this class 
fall Clinton and Oak Ridge reservoirs, Hopewell pond, Petersburg 
pond, Durham pond, Denmark pond. Cranberry reservoir and Stan- 
hope reservoir. 

A oonsiderable number of tiie lakes which have been mentioned in 
the foregoing pages, have been increased in size by the raising of the 
outlets, as for example. Lake Hopatcong. The aggr^ate area occu- 
pied by the natural lakes and ponds within the glaciated area of New 
Jersey, including also Budd's lake, which is just outside the moraine, 
is about sixteen square miles. "* Of the total area, Lake Hopatcong 
occupies about one-fourth, and Greenwood and Swartswood lakes 
nearly another fourth. 

The aver^^ depth of the lakes of New Jersey is not great. Morris 

• Vermeule, Geological Survey of New Jersey, I., 18^8, piges 309-111. 
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pood haa s deptii of 110 feet. Long pond (Andover township) and 
WawsTaods lake are reported to have mazimnm depths of aboHt 
100 feet each, but their average depths are considerably Ipbs. By 
far the larger nnmber of lakes have depths of less than fifty feet, and 
many of them maoh lees. 

Id altitude, the lakes vary greatly. Aside from the artificial lakes 
and ponds, and aside from some very small ponds which have not 
individoal names, the lowest lake is Cedar lake, in Sossez ooanty. 
This has an altitude of 384 feet. The highest lake is Lake Marcia, 
which has an elevation of 1,674 feet. The lakee of northern New 
Jersey, therefore, have a vertioal range of nearly 1,200 feet. 

Many of the lakes which had a temporary ezistenoe, bat whidb 
have now become eztinot, have been referred to in conneotioo with 
the stratified drift deposits of the earlier part of this report. Here 
laay be mentioned — 1°, the Peqaest lake; 2°, a long, narrow lake 
which probably had a temporary existence in the valley of the Black 
river from Kenvil to Haoklebamey; 3°, Lake Passaic, which at 
the time of its mazimam expansion had an area twelve to fifteen 
times as great as that of all the existing lakes of the State ; and 4*^,^ 
the several shallow lakes which ooonpied the deeper part of the basin 
of Lake Passaic after that lake was drained. These lakes have been 
referred to in another oooneotioa * and need not be discnaeed here. 
Many smaller lakes or ponds had a temporary existence and have left 
slight records of themselvee, 

•Annual Report of the State Geologfet for 1893, page 317. 
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SECTION IV. 



POST-GLACIAL CHANGES WITHIN THE GLiCIATED 
AREA. 



The amount of post^'glaoial erosion which has been ftecomplished in 
northern New Jersey is, od the whole, ezoeedlngly amal}. In many 
plaoes the streame appear not to have lowered their channels at all, 
while in other plaoes they have affaoted more ooneiderable reaalte. 
The irr^nlar diapoeition of the drift, which nearly filled the valleys 
at certain points and left them nearly free from drift at others, gave 
oooaeion for these variations in their sabseqaent work. Where a 
i>ody of drift was deposited across a valley, drainage through the 
valley was ponded behind it. As the ponded drainage overflowed 
the drift barrier, it had high velooify and qnickly cat down the dam. 
Oa the whole, however, the surface of northern New Jersey remains 
-very much as it was at the time of the retreat of the ioe. A few 
words may be added oonoeroing the eroeioD along the varions 
valleys. 

Along the Delaware. — Post-glacial erosion in the valley of the Dela- 
ware has been macb more considerable than in any other valley of 
northern New Jersey. In general it may be said that the river has 
-cat its channel from the level of the highest gravel terraces to its 
present bed. In the narrow parts of the vall^, as at the Water 
Oap, where the terraces are absent, post-glacial erosion has been snf- 
^cient to remove all the gravel originally deposited there. At Co- 
Inmbia, the vertical erosion has been abont seventy feet ; at Browning, 
aboBt sixty-five feet; below Walpack Bend, aboat eighty feet. 
Above Beyer's Ferry, gravel terraces occur 100 feet above the river, 
but as there are some indications that stagnant ice lay here while 
this high-level gravel was being deposited, erosion may not be so 
great as would be indicated by this figure. It is, however, at least 
more than forty feet. At Walpack Center, post-glacJal erodon has 
been more than 100 feet; at Dingman's, about 120 feet; west of 
Hainesvilte, about 100 feet; below Montague, about 120 feet; oppo- 
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eite Mashipaoong island, aboat aixt7-fi<ra feet; near the State line, 
aboat eighty feet. 

The width of the flood plain w in some sense a measare of the- 
width of the passage (mt in the drift-filling of the pre-glacial valley 
in poet-glacial time. In several plaoes on the Jersey side, the flood 
plain has a width of half a mile. Where it is wide on one side of 
the river, it is commonly narrow or wanting on the other. Aboy& 
Walpaok Bend, the width of the poet-glacial valley would average 
from half to three- quarters of a mile. Below the Gap the trench is 
much narrower. The height of the flood plain is often from twenty 
to thirty feet above the river. 

The erosion in the Delaware valley below the moraine was referred 
to in the Annual Report for 1892. 

in the valley of the Flai brook. — The amount of catling done by 
theFlat brook in poat-glaoial time, is very variable in diflferent parts 
of the valley. As the ice retreated, the irregular filling of the drift 
gave origin to local lakes and ponds along the valley, and drainage 
through it has removed the obstructions between these lakes and 
ponds, giving rise to an uninterrupted stream. The amount of cut- 
ting between the ponds and local lakes depended on the height of 
the drift barriers. Where these barriers were low, the catting has 
been slight. Where they were high, the amount of eroeion has been 
consideiable. In places near Flatbrookville, the amount of cutting 
(vertical) may have been as mach as sixty feet ; near the first bridge 
above Flatbrookville, seventy feet; a quarter of a mile below the 
second bridge, forty feet ; while at the second bridge above the vil- 
lage, the catting has not been more than eight feet. From this point 
to Peters Valley, the stream meanders on a broad, flat plain, formerly 
a swamp or lake, which the stream has actually been silting up. 
Here, therefore, there has been no poet-glacial eroeion. Midway be- 
tween Peters Valley and Layton, the stream has cut a trench seven- 
ty-five jards wide, and more than twenty-five feet deep across the 
barrier of gravel which separated two large depressions in the valley. 
Above Layton, the maximum catting has nowhere been more than 
thirty feet, and in general it has been much less. 

Along the MiU brook. — In the Mill brook valley there has been 
practically no erosion in post-glacial time. The stream, on the con- 
trary, has been silting ep its marshes throughoat most of its coarse. 

Jn the valletf of Faulitu kiU, — As in the Fiat brook valley, the 
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Amonnt of poet-glaoial ero^on aloDg thU stream varies greatly within 
narrow limits. In a few caees only is there positive evidence of even 
a moderate amount of erosion. Jaoksonbm^ oreeh, below Blairs- 
town, has trenched the Paalins kill gravels to a depth of twenty-five 
feet, the trench having a width of about 226 feet. Along Blair's 
«reek, above Blairstown, the vertical cutting has been as maoh as 
forty-five feet in some places. Above Paulina, the kill has out thirty 
feet into the till, and a mile and a half above Stillwater, a small 
tributary has eroded a channel in the gravel deposits to a depth of 
twenty-five feet. Below Emmons station, the kill has ont thirty- 
five feet, and at Baleaville the moraine has been incised to a depth of 
forty feet. In many other plaoee, as above and below Stillwater, and 
at Yard's creek, near Hainesburg, there has been practicaUy no 
erosion, but filling instead. 

/n the Vernon vaUey. — There has been little post-glacial erosion in 
the Vernon valley. The creeks draining the valley have been 
«ngaged rather in filling np the marshes through which they find 
their way. 

In the PapakaHng valley. — Along the Fapakating there has been 
very little eroeion. Here and there the stream has cut a few feet. 
Where the Little Fapakating crosses the high Fapakating terraoe 
aoathesst of Woodboume, it has excavated a trench 80 t« 100 feet 
deep a>d 200 yards wide. This it was able to do because of the 
great height of the terrace above Fapakating. North of the Wood- 
boorne school boose, the stream has trenched the terrace to a depth 
of fifteen to eighteen feet in some places, while in closely adjoining 
parts of its coarse, it has done no cutting. 

Along the WallMU. — This stream has done some little erosive work 
in post-glacial time. The only point where any considerable lower- 
ing of the channel seems to have been effected, is at Ogdenebui^, in 
oonneotion with the remarkable gravel ridge at that point. This 
has already been referred to.* 

AJot^ the Ptqutii. — The greatest amount of erosion to be found 
along the Pequest or its tributaries, is where the stream crosses the 
moraine, between Danville and Townsbory. The maximum vertical 
CDtting is about forty-five feet. Above this point, the Pequest and 
its tributaries have done little or no eroding since the ice departed. 

Mn«, page SB. 
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in the Roekaway valley. — There has been a very oonsidersble 
amount of erosion in the Rookaway valley at certain points, notably 
from Powerville to a point someirhat below Boonton. Here the river 
has lowered ita valley in the till as mach as 100 feet in some places. 
Elsewhere it has done little erosive work since the deposition of the 
drift. 

In (he Peqaamwek valley, — From Copperas monntain to Butler, 
the Fequannock river has sunk its valley in the till to a depth of 
twenty to forty feet. Elsewhere its work has been slight, 

in the Wanaqae and Ratraapo valleys.— These streams have done 
little eroding since the gladal epoch. The Wanaque has out a trench 
in the gravel and sand fifteen to twenty feet in depth, from Pompton 
to a point above Wanaqae. The Kamapo has likewise locally cut a 
irenoh twenty to thirty feet deep, and in places below Oakland, it 
may poeubly have cut more ; bnt on the whole, the erosion of these 
streams has been very slight, and has been confined chiefly to the re- 
moval of the barriers of gravel which separated the depressions left 
by the toe. 

Along the Pompton vaUey. — The Pompton river has lowered its 
channel about fifteen feet in the gravel and sand plain about Pompton. 
South of Pequanac, it has done little or no cutting, 

I'he Pcusaio valley. — Above Little Falls, the Passaic has done little 
erosion. Only here and there, as at Stanley, has it lowered its 
channel notably. For a considerable distance above Little Falls, it 
wanders throughout a wide extent of land which it has been unable 
to drain. Below Paterson, the river has lowered its channel thir^ 
or forty feet locally, though this is much above its average. 

The Saddle river. — The amount of erosion in the Saddle river is 
comparable to that in the valleys of the Wanaque and Ramapo. 

In the Haekenaack, Paaeaok and TienekiU valleys. — From the State 
line to its junction with the Pascack, the Hackensack river has 
lowered its channel, on an average, less than fifteen feet. In many 
places DO cutting at all has been accomplished. South of the junc- 
tion of the Pascack, the channel has been lowered ten to thirty feet. 
The erosion in the valley of the Pascack is in keeping with that of 
the Hackensack, The Tienekill has done no erosion, and is still 
wandering about in a marsh which was lefl when the ice disappeared. 
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THE ALLnVIAIi DEPOfllTB. 



Moet of the etreams of northflni N^w Jersey are bordeied b^ 
alluvial deposits of greater or lees extent. Tliese are coarser where 
the streams are swift, and finer where the streams are more sloggiah. 
The alluvial deposits have considerable development in many of the 
low fiat laads or marshes where lake basins failed of development 
on the melting of the ice, This is conspicuous along many of the 
valleys, where the fiood plains are very variable in width. The 
fiood plains are now narrow, representing the width of the channels 
out sinoe the glacial epoch, and now wide, representing the areas over 
which the streams have simply deposited thin layers of silt, on the- 
low landfl left as the ice melted. Nothing is more striking in connec- 
tion with the rivers of northern New Jersey, and eepecually of Sussex 
and Warren counties, than the fact that their flood plains are of such 
unequal widths in cloeely- associated parts of the valleys. This is- 
well shown along the Wallkill, from Sparta to C^ensburg, and 
along the Flat brook valley in the vicinity of Peters Valley, and 
several miles below. The broad alluvial plains which border some 
of the streams of the basin of Iiake Passaic, are hardly of fiuvial 
origin. They have merely been silted over by etreams. 

If the Delaware valley be excepted, alluvial plains bav<e, on the 
whole, least development along the streams which have done the most 
catting, and along such streams they have the least development 
where the cutting has been moet extensive. 

The height of the alluvial deposits above the present fiood plains 
is variable, depending npon heights to which the floods reach. The 
highest are perhaps in the Fcqueet valley, near its junction with the 
Delaware. The alluvial deposits here reach an elevation of about 
thirty feet above the ordinary water-level in the Fequest. In general,, 
the height of an alluvial plain above the stream it borders is greater 
along a large stream than along a small one. In some of the valleys 
there are alluvial plains which are on the point of becoming terraces. 
In such cases the streams have sunk their channels so far below the 
alluvial plains that they are flooded only daring extreme high water. 
The streams are still eroding, and will presently have cut their chan- 
nels so low that the alluvial plains will cease to be flooded at all, and 
will then pass from the cat^ory of flood plains, into the cat^ory of 
terraces. 
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Eset of Warren and Saseex ooDoties, the larger streams oftea have 
alluvial plains of variable width. These plains are nsually more or 
less discontinuoiiB. Id general thej are not the results of the streams' 
own work, bat rather the result of the flooding of flats which were 
left when the ioe retreated. But little material has been deposited 
upon them by the streams since the ice deserted the r^on. On the 
other band, the streams have been too slnggish to cut channels in 
them to anch depths that they are not flooded annually. 



PEAT AND UABL. 

The flood plains of many of the stream are swampy, as they have 
been ever since the ice left the region. Along many of the valleys it 
is often difficult to differentiate the alluvial plains from the peat and 
hnmos deposits. Indeed, along many of the valleys, alluvium and 
peat are commingled in all soits of proportions. This may be seen 
in the Feqaest meadows. Before draining, these meadows were dis- 
tinctly majrehy. Since draining, onltivation has shown that the ma- 
terial of which the soil is composed is by no means wholly oi^nic. 
This meadow shows alt possible gradations from allnvium to humus. 
Similar oonditioDS exist in the valleys of the Passaio and Kockaway 
above the Watchang mountains, and to a less extent along the Saddle, 
Pascack, Hackensaok and Tieoekill valleys &rther north. 

Peat bogs of some slight extent occur, but there are very few 
that are free from sediment washed in as the vegetable material 
accnmalated. 

Marl deposits are known to occur in many of the ponds, and be- 
neath the humus and silt of many of the streams of Warren and 
Sussex counties. These deposits were carefully studied many years 
ago nnder the direction of Professor Cook, and somewhat full notes 
upon them were published in the Annual Beport of the State Geolo- 
gist for 1877, and in the Annual Report of the New Jersey Board of 
Agrioalture for the same year. 



CHAHOE8 OF LEVEL. 

The basin of the Passaic has been deformed since the water 
stood at its maximum height. The highest point of the shore line 
of the maximum stage of the lake is near the northeast end, 



;vGoo»^lc 



98 ANNUAL REPORT OF 

while the lowest poiot in the ebore line of the same stage is at 
the Boathero extremity of the lake, the respective figures being 412 
aod 346 feet*' The departure of this ahore line from a horizontal 
position is moie than can be attribnted to the attractive influence of 
the ice on the water of the lahe. Furthermore, the shore line does 
not liee steadily to the north, as would have been the case had the 
attractive efTect of the ioe been the canse of the departure of the shore 
line from horizontality. There is no doubt that the basin of the lake 
has suffered deformation, the northern end rising, relative to the 
Bouthera. It should be noted that the northward rise is relative 
only, BO far as the direct evidence derived from the shore line is con- 
cerned. This evidence gives no criteria for deciding between the fol- 
lowing propositions : 1°, the whole basin of the lake has risen, bat 
the northern end more than the southern ; 2°, the northern end has 
risen, while the southern has remained in the position it occupied 
during the life of the lake; 3°, the northern end has risen, while the 
southern has been depressed ; 4°, die northern end has remained as it 
was while the lake existed, while the southern end has sunk ; 5°, 
the whole basin has been depressed, the northern end less than the 
southen^. 

The phenomena of other parts of the glaciated territory of the con- 
tinent indicate pretty clearly— 1°, that the surface of Uie land was 
depressed by the weight of the ice sheet, and that as a rule the depres- 
sion was greatest where the ioe was thickest ; and 2°, that as the ioe 
sheet melted, the suriace which it had weighed down recovered from 
its depression, rising most where it had been most depressed. Fol- 
lowing this line of argument, it is probable that the first or the second 
of the above propositions represents the fact. 

Elsewhere in the glaciated area of the State, positive evidenoe as to 
post-glacial changes of level are wanting.f 

*AnQUttl Report of the State Geologist of New Jersey for 1893, pages 320, 821. 
tAnnual Beport of the State Oeologut for 1^93, pages 208-210. 
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SECTION V. 

THE BEACON HILL FORMATION.* 

The Beacon Hill formation does not belong to the Pleistocene 
period of geological history, but it so closely oonceraa the later forma- 
tions of oeDtral and soathern Jersey, that the study of the latter has 
necessitated the stndy of the former. 

The general stratigraphio relations of this formation were set forth 
in the Annaal Report for 1893.t These relations are still further 
«zhibited in the aooompanying digrams, Figures 1 and 2, Plate III., 
where the formation is seen to be nnoonformable upon the Raritan 
day and the Middle marl. Farther south it overlies the Lime sand 
and Upper marl, so that its anoonformity upon the Cretaceous is not 
open to qaestion. 

SoQth of the Trifusic area, its dip appears to be eaeeatially the 
eame as that of the Cretaoeons beds. The floor on which it was 
deposited seems to have been nearly plane, though evidenoe is not 
wanting that it had here and there some relief. This is indicated 
rather by the data from certain deep borings in the material of the 
formation, thUL by contacts actually seen. The surface on which it 
rests has a gentle slope to the southeast, the direction in which all 
poet-Triassic formations dip. In addition to this general slope, there 
seems to be also a southwesterly slope in the western part of the State 
and an easterly slope in the eastern part. The axis between these 
fliopea has a general southwesterly course from the Mount Pleasant 
hilU. These subordinate slopes are indicated by the following £icts. 
In the Moont Pleasant bills the base of the formation has an altitude 
of about 360 feet ; at Pine hill, near Perrineville, fifteen miles to the 
flontbweet, about 370 feet; at Amey's mount, twenty-two miles 
farther southwest, about 120 to 160 feet; at the mouth of Fensauken 
oreek, about dghteen miles west of south of Arum's mount, about 30 
feet. Theee figures demonstrate the slope to the southwest along this 
line. The decline of the base of the formation northeast of the Uouot 
Pleasant hills is shown by a comparison of the altitude of its base on 

*Mr. Enapp'a work bu furalsbed man]' of the facts embodied in this and the 
following sections. 
t Pagw 39-62. 
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tlie Moant Fleflsant hillB (<160 feet), and at the east end of the Nave- 
siDk bighlaods, where it is about 180 feet above sea-level. The single 
remnant of the formation thus far identified on Btaten Island — on the 
blaff between New Djrp and Gairetson's — has an altitude of 170 to 
180 feet. 

The remnants of the formation farther north (the sand bills north of 
Monmouth Junction), are somewhat lower than those in the Mount 
Pleasant bills, showing that the base of tbe formation does not con- 
tinue to rise northwest of tbe latter hills. 

It woald thoa appear that if the base on wiiich the formation was 
deposited was originally plane, or nearly so, it has undeigone deform- 
ation since that time. The relations of the isolated portions of the 
formation to eaeh other, and to the oontinuons area farther south, are- 
8D<^ as to indicate that deformation has increased the dip of tbe 
formation south of tbe Mount Pleasant hills, and that the uplift was 
greatest in their vicinitj. It is probable that a belt north or north- 
west of the Navesinh-Monnt Pleasant-Clarksburg belt, inolnding tbe 
Sand hills r^on, snffered relative depression at tbe same time. 

As it now exists, the formation thiekens to the southeast. It i» 
not known how far this is the result of the greater erouon to the 
north, inddeut upon the greater altitude of the formation in that 
n^on ; bat it is probable that the formation was thicker to the aontb 
at the outset, and that it has also suffered less erosion. It is now 
essentially oontinuons, though often concealed by later formations, 
south and east of a line drawn from Anbary Park on the northeast 
via the Hominy hills (five milee north of Farmingdale), Charleston 
Springs (eight miles sonth of Englishtown), Prospertown, Wrigbts- 
town, Clementon and Pitman Grove, to Alloway. 

The edge of the oontinnooa body of the Beacon Hill formatiou is 
usually marked by a distinct and more or less abrupt rise of surface, 
as seen from the northwest. Tbe edge of the continnoas body of the 
formation lies a little to tbe northwest of the above line, where high 
land runs northwest of it, and to the southeast, where low land 
stretches in that direotiou. 

OonaiUution. — Something was said oonoeming tbe oonatituUon of 
this formation in the last annual report."* Little will here be added 
concerning this point. The formation is pre-eminently siliceous, being 
composed mainly of quartzose sand and gravel. On the whole, it is 
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tra« that itB lower part is more saody than the upper, while the 
latter carries more gravel, bat to tbia general statement there are 
many exceptions. 

The constitution of the formation changes somewhat from north to 
fioath. So far as the sand is conoemed, it ia coarser to the north, 
where it is often coarse grit and becomes finer in the opposite direc- 
tion. To the south, where it ia fine, it often assumes a phase which 
has been des^ibed as " iaffy." As the adjective sn^ests, it is not 
compact, but is in a physical condition which saggeeta sponginees or 
ashiness, so far as sand can. This phase of the sand ia always fine, 
though it sometimes carries a few small pebbles of quartz, and is 
often interbedded with layers of coarse, gritty sand. It is often deli- 
'Cately streaked or motUed with pale shades of brown, or yellow or 
«almon. The mottlings are more or leas irregular, but are nsualiy 
elongate in the direction of the bedding planes. They are as delicate 
in size, shape and arrangement as in color. In exceptional localities 
the sand is so fine as to approach a loam, and may then stand in 
vertical faces after the fashion of loess. 

The fine sand may be seen to advanti^ at the west end of Amey's 
mount (pit), in the railway cuts southeast of Clementon, in the 181- 
foot hill five miles southeast of Haddonfield, a mile northwest of 
Frosser's Mills (five miles northeast of Olaseboro), and at the south 
<nd of the lake at Millville, in the bluff faaea. It is also exposed at 
«ooree and hundreds of other places in road and railway cuts, The 
glass sand in the vicinity of South Vineland doubtless belongs here. 
The fluffy phase of the sand has nowhere been seen along the more 
northerly outcrop of the formation. 

The finffy sand is frequently associated with tenacious clay, which 
has a yellowic^ or pinkish color, often grading toward salmon. The 
'day sometimes occurs in tJie form of beds one to four feet thick, but 
more commonly as laminse, a fraction of an inch in thickness. It 
frequently oontuna small pebbles of quartz, which range in size up 
to half an inch. This day is known at many points from Asbury 
Park to Millville. 

The fluffy sand, aa well as some of the sand which does not possess 
the quality denoted by this adjective, often has a peculiar pinkish 
«olor, which has been seen in none of the later formations of the 
State. In some places this color is especially concentrated in the 
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cemented or aemi-oemented portions, where it Bometimes sssiimes a 
poipliah cast. 

Another phase of the Beacon Hill sand is hardlj less ofaaracteriBtio^ 
though less easily defined. It is coarse, or at least contains many 
coarse grains. It at first seems much more coherent than the fluffy- 
sand, and layers of it assodated with the latter are likely to stand oat 
in exposed faces almost as if indurated. Bat of induration there i» 
really nothing. If a piece of it be detached, it can hardly be handled 
and preserve its integrity; but instead of crumbling into its con- 
stitnent grains, it breaks into a number of smaller pieces. Badi of 
these behaves in a similar manner. That is, while there is some 
small meaaore of cohesion, the sand, especially when wet, ia excessively 
brittle. It is " wet ehort." This phase of the sand very commonly 
carries pebbles of quartz of small size. It may be well seen in the 
railway cut at Fountain Green, four miles northeset of Pemberton^ 
and in the road out two or three miles west of Asbury Park. 

One of the most oharacterietio features of the Beacon Hill sand as 
a whole, is its oleanuees. Locally it contains a notable amount of 
white mioa, in very tiny scales. This is perhaps one of the causes of 
its flafGneSB, 

The gravelly portion of the formation seems not only to be better 
developed at high elevations than at low, but to be more oonspicuons 
the more isolated the elevations. The isolation is due to the gravel 
rather than the gravel to the isolation. The gravel is too coarse to- 
be easily handled by surface draini^, and is so porous as to allow 
water to sink thiongh it readily. It therefore serves as a protection 
to the hill on which it rests. It creeps down the slopes more or less^ 
and thus protects their npper slopes as well as their tops. Like the 
sand, the gravel grows finer to the southward. The coarse matoial 
and the fine are occasionally mixed, large pebbles now and then 
occurring in the fine sand. 

In the r^iona where only isolated remnants of the formation 
remain, the gravel consists of something like sixty-five per cent, of 
quartz, thirty per cent, of chert and five per cent, of sandstone. 
Where the quartz has been exposed to surftce weathering, some of it 
is commonly etched into columnar forms which, in a further state of 
weathering, break np into splinters. Such quartz may well have 
come from the vein material of the Hudson River sandstone in the 
northern part of the State, The chert is oflen fossiliferous, and ift 
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often so &r decomposed as to have the textnre of chalk. The pro- 
portion of qnartz increases to the southward. The gravel is as 
notable for what it does not contain as for what it does. Granite, 
gneiss, trap, shale of all sorts and Triassic sandstone are conspicuous 
by their absence. 

The question is still an open one whether the apper and more 
gravelly part of the formation is separable from the lower and more 
sandy part. Nothing has yet bees seen which makes the sabdivision 
neceeaary, bat vsrioas things have been seen which would not be in- 
consistent with snob divieion. It is oertain, on the other hand, that 
gravel ranges through the entire thickness of the formation, as it is 
oilen present in small quantify at the very base of the formation, 
where it comes in contact with the marl. This has been noted at 
many points in Salem and Olouoester ooonties. 

The formation is frequently cemented by iron oxide to such an 
extent as to become impOTtant as a sonroe of bnilding stone. Cemen- 
tation is most prominent at the contact of the coarser and finer layers. 
The sand immediately beneath a gravel bed is especially likely to be 
indarated. The cemented portions are therefore generally sandstone, 
instead of conglomerate, thoogh conglomerate layers are by no means 
unknown. 

While iron oxide is the commoner cement, the rand is here and 
there bound tt^ther by silica instead. Fragments, and even con- 
siderable masses of sandstone, or even of vitreous quarlzite, of this 
type may be seen on the crest of the little hill (366 feet) a mile north- 
west of Olarksbn^, and at the west end of the marsh along the creek 
a quarter of a mile farther north. Occasional pieces of this material 
are met with in the later formations. 

In the vicinity of Woodstown and Alloway the Beacon Hill forma- 
tion is seen to overlie the "Astringent" clay (Cook), and to underlie 
the PeuEanken. It is known to contain fossils at a point near Mill- 
ville, and at another near Mollica Hill. At the latter place, the 
fossils are found in a layer of clay which lies between beds of fluffy 
sand. The sandstone near Bridgeton, which contains fossil leaves, is 
almost certainly a part of this formation, 

Figures 1, 2 and 3, Plate III., indicate better than description can, 
the amount of erosion which the Beacon Hill formation suffered 
before the deposition of the Pensauken. There is some indication 
that the pre-Pensauken erosion of the formation is to be referred to 
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two Btages more or less dlBtinot, the one proceeding to a certain stage 
while tlie land stood at a given level, while the other was carried on 
after it had suffered farther uplift, Snch evidence aa ia in poBseesion 
concerning thb point ie drawn from many bench-like terraces about 
the hilU of the Clarksbm^-Perrineville region. 

It seems certain that the formation which is here described under 
the name of Beacon Hill, is to be correlated with formations which 
Professor Clark has classed as Miocene.* It is said to have mnoh 
physical resemblance to the Chesapeake formation farther south. 
Independent of the correlation of the Beacon Hill formation with Dr, 
Clark's Miocene, there is evidence that it is to be so referred, as will 
appear later. The name Beacon Hill was adopted in the last 
annual because, at that time, its Miocene reference was still an open 
qaestioD. Now that the formation is better known through a wider 
range of territorjr, it ia probable that a better name may be found. 
For the present, however, the name already used is retained. 

The formation is known to occur at Media, Pennsylvania, where 
it may be seen at the bottom of the aand pit in the northeastern part 
of the city, near the reservoir. Only the fine white sand, beneath the 
coarse, more or lees arkose and highly colored aand, belongs here. 

*ADniitJ Beport, 1892, page 210. 
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SECTION vr. 

THE PEN8AUKEN FORMATION. 

A brottd, bIuIIow topt^raphic trougli oroasee the State in a north- 
€a8t-8ontbweet direc^on, from the Delaware river to Baritsn bay. 
The southwest end of this trough lies between Trenton and BurliDg- 
ton, and the northeast end between New Brunswick and Matawan. 
Its width varies from ten or eleven to sixteen miles, being widest to 
the southwest. Its axis ocoapies the belt along which the lower 
members of the Cretaceous series ontcrop. It appears to have been 
prodooed chiefly or wholly by erosion after the Beacon Hill period. 
Triassic shale forms the northwestern side of the trough, while the 
Lower marl and the Bed sand fonnatious occupy the southeast slopes. 
The general relations of the trough in croes-section are shown in 
figure I, Plate III. Within this broad trough, the snifaoe of which 
nowhere rises much above 150 feet A. T., the extra-glacial forma- 
tions of the State, younger than the Beacon Hill, are well developed. 

Within this trough the surface formations are separable into at 
least three divisions, wfaidi were recognised in the last report.* The 
oldest of these formations is the Pensanken, named irom a locality 
where it is typically developed, well exposed and easily acoeenble, 
viz., the month of the Pensaaken creek just below Palmyra, The 
wcond formation is designated the Jameebui^ formation, the name 
being derived from a locality where it is well exposed and likewise 
«asily accessible. This formation forms the Bubject of the next sec- 
tion. This third formation was early named the Trenton gravel. It 
has long been recognized that the Trenton gravel is of late glacial f^, 
being the deposit made by the glacial drains^ which coursed through 
the Delaware valley at the time the ice was developing the terminal 
moraine near Belvid«% 

In the southwestern part of the 8tat«, along the lower course of 
the Delaware, the Trenton gravds and sands are covered by stratified 
loom, grading irom day to sand, which, as its character proves, was 
deposited after the Delaware river had ceased to bring down glacial 
detritus, or at least after such detritus failed to reach the latitude of 

'Anmitd Report of the Slate Qeologisl, 18S3, psges 62-6B. 
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BnrliDgtoD. This loam correeponds with the sur&ce formation about 
the eastero and eoathero borders of the State, reaching the altitudes 
of forty to forty-five feet It is probable that it should be regarded 
as a fourth formation, though the measure of its distinctnesB has not 
been definitely fixed. 

As stated ia the last report, the basis for the subdivision of these 
surface formations is found in their topographical, geographical and 
stratigraphical relations, aa well as in their physical and litfaological 
constitution. 

The Pensauken formation was defined in the Annual Report for 
1893.* Sinoe that time considerable study has been devoted to the 
areas where it is developed, and a somewhat fuller statement of its 
characteristics and relations is now possible. 

Topographieal Ttlationa. — Within the Bordentown-Raritan Bay 
belt, the Pensankea formation consists of beds of sand and gravel 
which occupy chiefly the divides between the streams. Where erosion 
has proceeded so for that the ridges between the valleys have been 
much dissected, the Pensauken formation occurs in isolated patches 
only, on the higher hills which are the remnants of disEeoted ridges. 
Where the stream valleys are shallow, and have no tribntaries, or 
only very shallow ones, the formation is continuous over larger areas. 

In any given locality the base of the Pensauken is at a newrly- 
constant level. This level varies in different parts of the trough. 
In the vicinity of Trenton it is about 80 feet ; near Bordentown, 90 
to 100 feet ; south of Burlington, 60 to 70 feet. The aldtnde of the 
sur&ce on which the formation rests rises slightly to the east, being 
110 to 120 feet at Hightstown and Old Bridge. Still farther north- 
east it declines again, having an elevatioB of 90 to 100 feet in the 
vicinity of South Amboy. Toward the southeastern margin of (he 
trough, the altitude of the base at difi^rent points is slightly different; 
thus at Kinkora the bottom of the formation has an altitude of about 
86 feet; at Bnstletown, 75 feet; at Ghsorgetown, 100 to 110 feet ; at 
JobetowD, 100 feet; near Ameytown, 130 to 135 feet; near Bb- 
brow's hill, about 170 feet, and near Eoglishtown, about 180 feet. 
The last two localities are near the border of the trough. 

The sur&ce on which the formation was deposited is therefore a 
little higher near the center of the trough than at either end. The 
variations in altitude may have existed when the formation was laid 

•Pages 62-60. 
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dowD, thoagh they seem to be dne, in part at least, to aabeeqnent 
deformation. The difi^ienoee in aldtnde along the axis of the trongh 
are not saffidently great to interfere with the truth of the general 
atatemeot that the surface on which the Pensaakeu formation was 
deposited was a peneplain. 

To this general statement there are a few well-marked ezoeptiona. 
One of the most striking is at Kingston, where the hue of the Pen- 
eaukea has an elevation of no more than 40 feet A. T. The relations 
are each aa to suggest that at the time of its deposition there was here 
a well-marked valley, ooneiderably below the general level of the sur- 
face on which the formation lies. 

Oeographieal t^Mfniu^ton,— Considered with reference to its 
geographical distribution within the general area specified, the Pen- 
saoken formation is found to be beet developed along the axis of the 
trough, or a little northwest of it. Along this line it oonsiBta of 
more extensive and deeper beds than elsewhere. Along the north- 
west margin of the trough, it occurs as patches only, resting on the 
shale slope of the trough, or rarely, aa at Kingston, filling valleys. 
Toward the soatheastem margin of the trough, as the marl aeries is 
approached, and as the snr&ce rises slightly, the formation is repre- 
sented by isolated patches, smaller and smaller in extent, capping the 
h^her divides and occasional isolated hills. 

It may here be noted that isolated patches of the Pensanken occur 
outside the trongh to the northwest, while both isolated patches and 
considerable areas are found outside the trough to the southeast. On 
the north side, remnants occur at several points as follows : 1*, about 
five miles north of Monmouth Junction, and one to three milee north- 
east of Ori^atown, several email areas, at elevations ranging from 
130 to 150 ftet ; 2°, jnat west of Rocky HiU at an elevation of about 
150 feet ; 3°, a mile west of Harlingen, at elevations tanging from 120 
to IGO feet; 4°, just west of Flagiown, near Kcshanio station, at an ele- 
vation of about 140 feet ; and 5°, north of Baritan at a slightly higher 
level. 

On the south side of the trongh the Penaauken has a wide diatri- 
bution. Near the Delaware river there is a belt where it is mainly 
wanting. Farther east there is s belt running through Blackwood, 
Mullioa Hill and Woodstown, where it occurs in isolated patches, 
capping the higher hills. Still &rther east it beoomes oontinuona. 

In any limited area the base of the formation haa a tolendily oon- 



;vGoo»^lc 



108 ANNUAL REPORT OF 

6taiit lere), bat this level changes from point to point. In genenl it 
deoliaee to the west and Booth, and rather more rapidly in the former 
direction than in the latter. At Fish Hoose, on the Delaware river, 
the upper snrfaoe of the formation can hardly be higher ttian 15 feet 
A. T. This is the loweat position which the formation is known to 
occupy. It here lies beneath the Fish House clays, the age of which 
lias been in diepnte. It is certain that they are post-Pensanken. In 
the vicunity of Woodatown and Mnllioa Hill, the region of iadated 
{Mitflhee of the formation, its basehasanaltitadeof llOtolSO feet, bat 
At Kiddleton, five milee eoath of Woodatown, it has declined to 75 
feet Two and one-half miles eontfaweet of Marlton, and nine miles 
«oatheast of Fish Hoaae ita base is at 150. To the aontheast it 
becomes continnoos, or essentiaUy so, along a line which corre- 
sponds approximately with that already defined,* as marking the 
northwest limit of the continuous body of the Beacon Hill formation. 
The eastward extension of the formation has not been determined, 
bnt it is reasonably certain that it covers most of the State soatheast 
of the line referred to. It is wanting, however, on the low lands 
bordering the shore. 

From ita topographical and geographical relations, it would seem 
that the Pensauken formation once covered nearly the whole of the 
sonthem portion of the State, lapping up fiir on to the Triassic area, 
and in places even reaching the crystalline schist highlands. It 
seems to have been accumulated on a plain or peneplain, in which 
thwe were a few well-marked valleys. 

The formation, together with the plain on which it was deposited, 
appears to have been somewhat deformed since its deposition. The 
•elevation seems to have been greatest along an axis oorreeponding 
essentially with that already noted in connection with the Beacon 
Hill formation (page 99). 

Subdivinona of the formation. — Where the Pensauken is beat de- 
veloped, along the central line of the trough, it consists of two more 
or less distinct members. The lower of these is composed priodpally 
of arkoee loamy sand, and the upper more lately of gravel. Both 
{)arts are stratified, and grade into each other through alternating beds 
of sand and gravel. The basal or sand member is more evenly strati- 
fied than the upper. In the former, the stratification planes are often 
nearly horizontal, and the layers thin. Cross-stratification, however, 

*8ee ante, page lOO. 
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IB often well developed, and after a ftsbion which is isther pecaliar 
to this formation. The gravel member is more irregularly stratified^ 
and the gravel beds are frequently lens-shaped, as seen in cross-section. 
They are frequently cross-stratified, and the planes of dip are oRea 
high. 

Oonttitution of ike formtUion. — This formation ba^ among its con- 
stituents all sorts of materials which the Miocene beds contain,, 
including Miocene oonglomerate. It also coDtaios materialfi from the 
Cretaceous beds which anderlie the Miocene, and which had been 
exposed by the erosion which followed the deposition of the Miocene- 
and which preceded the deposition of the Fenaaakec. The Pensauken 
also contains fragments of shale and sandstone from the Triasdo 
formation, as well as fragmrats of trap, gabbro, gneiss, granite, chert, 
Medina and Oneida sandstone and conglomerate, and probably frag- 
ments from the Oreea Fmid monntais oonglomerate. This last 
element is in some donbt, doce small ferments of this conglomerate 
are not always to be distingaished with certainty from bite of Medina 
and Oneida. Thus it will be seen that the Fensaaken formation is 
litholi^ioally very much more heterogeneous than the Miooene. 

Stated in more detail, the basal or sandy member of the Fensauken 
consifitB of coarse, angular or sob-angular sand. The grains are often 
an eighth of an inch in diameter, Individnally, they are generally 
transparent internally, bnt are stained by iron oxide on the oat«de. 
The result of this staining is to give the formation as a whole a 
yellow to orange color, sometimes grading towards raddish-brown. 

Wherever exposures of any oonsiderable depth are found, tbere- 
may be seen frequently small bits of deoompoeed feldspathic material. 
They do not occnr within three or four feet of the sorfaoe, their 
absence being due apparently to the efieots of weathering. These bits 
of kaolin are a quarter to a half inch in diameter. They can hardly 
be said to be abundant, yet in the area nnder oonsideratioa they are 
almost never absent. Associated with the sand, often ooating its 
grains and sometimee ao abundant as to make a oonsiderable part of 
the matrix, there is a white or pale yellow, kaolin-like snbstanoe the 
real nature of which has not been determined; where this material is 
plentiful, it gives to the whole a sort of arkoee appearance. Tc^ether 
with the iron oxide which coats the sand grains, it gives to the forma- 
tion a considerable degree of compactness in many places, and raables 
it to stand in vertical or even hanging faces, ten feet or more in 
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height Exposed faoes often harden to each an extent aa to be 
^i£BcaU to ont or break throngh. 

At some points the Fensaaken formation containB a small amount 
of marl. This may be seen at Jameebni^, and at nnmerons points 
farther soath as the ontcrop of the marl series is approached. Never* 
tfaeless, when the formation is considered as a whole, the preaenoe of 
marl grains is the exception rather than the rnle. 

The basal or arkose eand member of the Pensaakeo formation ie 
present throughout the central part of the trough from South Amboy 
to the Delaware. It is beat developed somewhat northwest of the 
ftxis. Still farther to the northwest, outside the trongh, where rem- 
nants only of the Pensanken are found, this member is not oonspio- 
Qona. Along the southeast side of the trough, the arkose eand is 
absent, being replaced by sandy material which appears to have 
been derived chiefly firom the commingling of materials from the var- 
ious members of the Cretaceous and Miocene series. Throughout its 
entire extent, the arkose sand mwaber of the Fensaaken maintains 
essentially oonstaut characteristics. 

Sonth of the Raritan bay-Bordentown belt, the formatbn is leea 
dearly divisible into the two members noted above. The gravel and 
the coarse sand are more uniformly commingled, though it still 
remains troe, that the more gravelly portion of the formation is likely 
to be above the more sandy part. In the southern part of the State, 
too, the color is more likely to be red or reddish than farther north. 
Occasionally the color is not high. When thia is true there is little 
loam associated with the coarse sand. This phaw of the formation 
may be seen near Riddleton and at Big Mannington hill, soath of 
Woodstown. 

The upper or gravel member of the formation is heterogeoeous, 
both physically and lithol(^oally. In diameter, its oonetitaeitB 
range from a half inch to four feet, though bowlders of lai^ size are 
rare, and bowlders four feet in diameter especially so. In spite of 
the great range in size, there is usually a standard size for any given 
locality to which most of the material conforms. Thus in one place 
a half to three-quarters of the pebbles may fall between the diameters 
of one and two inches. There are likely to be a few cobbles three or 
four or five inches in diameter associated with the smaller pebbles, 
and perhaps an oooaeional bowlder. 

To this general characteristic there are a few notable exoeptions. 
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In OQfl case, Damely, at Kingeton, the material rangea in size from a 
foot in diameter down to sand, and no one Bise can be said to be domi- 
nant. Wtiere bowIdeiB or large masses of rook oooar they are 
usually not well worn, their forme oft«n Imng thc»e of slabs rather 
than those of bowlders proper. 

The lithological range of the material is wide. The following 
types of rock oocur, arranged approximately in the order of- thdr 
abundance : 

1. Quartz a always present, generally in the form of pebbles one 
to two inches in diameter, rarely as oobbles and very rarely as small 
bowlders. Much of the qosrtz appears to be snob as might have 
been derived from quartz veins in crystalline rock. Some of the 
qnartz has a distinctly oolumoar strootare such aa charaoterizee the 
qnartz veins of the Hudson Biver formation in the northern part of 
the State. 

2. Chert is always present. In size its fragments oorrespond in a 
general way with those of qnartz, though bowlders are wanting. The 
«herte are often soft from decay. 

3. Water-worn bite of ironstone are almost always present along 
the Raritan bay-Bordentown belt, bat almost always absent soath of 
that belt. They are generally small, thin, chip-like fragments, an 
eighth to a half inch thick and a half inch to six inches broad, but 
without sharp corners and angles. Their proportion varies greatly. 
Locally they are more abundant than any other material, but ordi- 
narily they^do not constitute more than one or two per oent. of the 
whole. 

4. Bits of oryalalline roek of such types as occur in northern New 
Jersey are always present within certain geographical limits. Here 
are included bits of granite, gneiss, schist, syenite, gabbro, trap, et«. 
These crystalline materials range in size from a half inch to four feet in 
diameter, though pieces more than four or five inches across are rare. 
The crystalline material is much more abundant north of the axis of 
the trough, and disappears altogether along its sauthwestern margin. 
Crystalline material of another type, derived apparently from the 
Philadelphia gneiss, occurs in the formation in the sonthwestem part 
of the State. 

5. Red thale and ted and grey sandstone derived from the Triassio 
formation to the north are always present where material derived from 
the crystalline rock formation is found. This class of material in- 
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dndes piecea of ukoae conglomerate anch as ocoore at many points id 
the Triassio formation of weatem New Jeraey. 

The oonstitaents of this class range in size from micate bite to 
pieces three feet in diameter, the large pieces being generally unworn. 
These Trissaic fragments are found as far to the sonth as Tuohahoe, 
and have been noticed in the vicinity of Millville, HammontODf 
Cohailsie, AlloWay, Woodstown, Marlton and Fiah House. They 
oonatitnte one of the most characteristic marks of the formation. 

The lemuning constituenta are of little importance quantitatively, 
thongh otberwis9 significant. Their distribntion is for the most part 
more local than that of the preceding types. 

6. A type of sandstone and qaartzite distingniahable from the fol- 
lowing ie widely distribnted, though usually not in great quantity. 
It ia eepedally present in the form of bowlders, varying in texture 
from loose sandstone to hard qoartzite, and ia often conglomeratic. 
These bowlders correspond in kind with those which are oommoQ in 
the eztra-monunic glacial drift. They are the type of bowldera most 
common over all the extra- glacial i^on of New Jersey. So far b» 
litfaologica) character is oonoemed, they might well be derived from 
the Paleozoic (Cambrian) sandstone formations of the northern part 
of the State. 

7. The Oneida conglomerate and sandstone and qoartzite are gen- 
erally represented by a small amount of material, in the form of 
oobblea. 

8. Pebbles and oobblee of red sandstone are found in small 
nnmbers, which may well have come from the Medina formation, 
though their identifioation ia perhaps not beyond question. 

9. A peculiar sort of sandstone is frequently found in pieces of 
some aze, which has pecniiarities whioh seem to diatingniah it from 
the other msteriala, although it cannot be referred to any definite 
formation. Their peculiarity is in their form, whioh ia colomnar. 
They frequently seem to be sections of five or nx-aided prisms, the 
prism fiK»e being often well defined, and the ends sharp. The bedding 
planes of the sandstone are often distinctly seen in the colarana, and 
make an angle of seventy to ninety degrees with the columnar faces. 
The textnre is firm, and varies from medium to fine grain. The 
sandstone is light brown in color, often somewhat resembling the 
sandstone derived from the Beacon Hill formation. 

10. Cobbles and small bowlders are frequently found which may 
be referable to the Green Fond mountain formation. These are 
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more abnadant in the region Bouth of New Bruuswick than else- 
where. Bowlders from the Green Pond moantain range are by no 
means rare in the Jameebarg formation in this vicinity. They are 
not to be mistaken for tboee in the Peneauken. 

The composition of the Penaaaken is each that it makes good road 
materia] at many points. This is especially true where its matrix is 
loamy or clayey, and where its content of ironstone, or of deoompoecd 
rock bits, sacb as chert, granite, etc, is large. Where the matrix ig 
sand, and where the gravelly constitaents named are absent or nearly 
so, the material is too loose to pack readily in the roadbed. 

QeograpKieal variabUiiy of phytieal okaraeter. — The material of 
the gravel member varies in size from place to place. There are 
variations which are only local, and variations which are more than 
local. A line drawn approximately {mrallel to the ontcroppiog edge 
of the Lower marl, and about three miles northwest of it, would 
mark the southern limit of the area within the Raritan twy-Bor- 
dentown belt, where materials having a diameter of more than one 
foot are common. Soutfaeaat of this line, also, the average size of the 
material is much less than that to the northwest. South of this belt 
bowlders of considerable size occur, even to the limits of the forma- 
tion, as at Millville, Northwest of this line, bowlders are especially 
abundant in three localities. These are as follows: 1°, east of 
Trenton, within five or ax miles of the Delaware river ; 2°, eonth of 
the gap in Rooky Hill where the Millstone croeeee it ; Z°, sonth of 
Baritan bay, and along the valley of Lawrence brook. 

Geographical variability of liihologieal oharaotera. — Geographical 
variations in the lithological character of the material correspond in a 
general way with the geographical variations in its physical character. 
The minor constituents of the gravel are the more variable in thetr 
distribution, while the more abundant materials are more widespread. 
Thus, while quartz is always abundait, the crystalline material of 
northern origin is much more abundant along the axis of the Baritan 
bay (Bordentown depression), and northwest of it, than farther to the 
south. Sontheast of the axis of the depresiion, but still within its 
limits, as the outcropping edge of the marl series is approached, the 
lithological character of the formation changes to such an extent that 
three miles or so from the marl series, the granitic or gneissio and 
Triassic materials are essentially wanting, and there remain only 
quartz, chert, ironstone, and a small but variable amount of sandstone, 
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as coDstituents of the gravel. Farther soath, as already Doted, the 
Philadelphia gneisa made its contribation, and it ia suspected that the 
Triassic material of the aoutheni part of the formation may also have 
come from Peanajlvania, 

Within the northweetem part of the troagh there are three locali- 
ties where the orTstalline materiah are more abundant than else- 
where. These three localities are the localities where the bowlders 
are most abundant, viz., 1°, near the Delaware river ; 2°, south of the 
gap in Rookj Hill through whioh the Millstone passes ; and 3°, the 
region of Raritan bay. 

Beoompontion. — Throughout the whole area of the Penaanken, 
the cryatalline material is largely decomposed, and in most instances 
thoroughly ao. It is nothing rare to find granitic bowlders two feet 
in diameter ao thoroughly deoompoeed, even to their centers, that a 
trowel can be aa eaaily thrnat into them aa into a bed of day. The 
trap and gabbro bowlders are decomposed in like manner, but seldom 
so completely. Large maeaes of these materiala generally have a core 
of firm rock. The Triaasio ahale, sandstone and conglomerate are 
nanally ao thoroughly decomposed that it is difficult to remove a 
piece of any size from a section where it occurs without having it &11 
to pieces. 

Souree of the material. — ^The litbological character of the material 
gives a clue as to its origin. There is but one known source whence 
the Triassic material oonld have come, namely, the Triaasio fornuddoD 
to the northwest. Much of the gndssio material in the formation 
near Trenton appears to have come from the Trenton gneiss, and 
farther south from the Philadelphia gneiss. The other crystalline 
materiala seem to have come from regions farther north. The trap 
donbtless came from the trap formations of the State. Certain gabbro 
bowlders have been found, the source of which is not known. No 
rock formation is known in the State whioh would have given origin 
to them. At Sonth Amboy, bowlders of crystalline schist, fall of 
garnets, have been found, the source of which is not known. The 
Medina, Oneida and Green Pond mountain materials speak for them- 
selves. There can be no doubt that they came from the correspond- 
ing formations in the northern part of the State or beyond. The 
qnartz and the chert may have been derived originally from the 
crystalline achiat, and limestone formations of the northern |part of 
the Slate, or from adjacent areas in New York and Pennsylvania; 
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bat as oonatJtaentB of the Pensaaken, they were probably derived 
very largely from the Beacon Hill formation, whieh had been wholly 
removed from the trongh under consideration before the deposition of 
the Pensauken, In the southern part of the State the material of the 
formation came largely from Uie Cretaoeous and Miooene formations 
«f that i^on. 

Mdhod 9j origin. — From the structure of the Pensauken, a 
enbaqueoos origin is inferred, especially when the nature of the 
fltiatification is oonaidered. The dietributioD of the gravel conatitu- 
•enta points to the oonduaioD that in the northern part of the area 
under oonsideration, they were lately contributed by the Delaware 
river, by the river which then flowed southward through the gap at 
fiooky Hill (the Raritan), and along a third line of supply which 
may well have been the Hudson river, or the stream whioh came 
down the west aide of the Palisade ridge. 

While the Pensauken was being deposited, the State seems to have 
been aubmei^ed to such an extent that the low belt between the Dela- 
ware at Bordentown, and Saritan bay, was converted into a sound. At 
the same time Delaware bay was greatly enUrged, reaching to Trenton 
and beyond. Into this bay the Delaware river is believed to have 
emptied jost above Trenton, and the materials whkdi it brought down 
were spread aa far as the waves and currents could carry them. To 
this bay, also, the Sohnylkill doabtlesa made important contributions. 

With reference to the second line of supply, it may be said that 
there is the best of reason for believing that the Baritan river formerly 
flawed southward from Somerville up the present course of the Mill- 
stone, through the gorge at Kooky Hill, to the junction of the Mill- 
fltoae with Stony brook. Thence the Baritan seems to have followed 
op the present valley of Stony brook to Port Mercer, thence across the 
low divide to Shipetankin oreek, thence down that valley to the 
Assanpink, and thence to the Delaware. Daring the Pensanken 
flubmergence, the Baritan emptied into this sound at Kingston. From 
that point the material which it brought down was spread in all 
directions, giving rife to an abundance of arkose and crystalline 
material in this vicinity. 

The third source of supply is believed to have come down the 
HndsoD or the Hackensack valley, and to have been deposited south 
of Newark bay. The material from this source has been less well 
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6tndi«d, but it is clear tbat the materials contributed along this lioe 
were somewhat anlike tfaoBe contribated by the other two streams. 

The preseoce of bowlders, even large ones, in the Pensaaken for- 
mation, as far south as the limit of the State, is saggestive of anasaa> 
conditions of deposition. The &ct that some of them, eepedallj 
those in the eastern part of the State, seem to have oome from some 
source far beyond the northern border of the State, is also .suggestive. 
Not less significant than the great sice of some bowlders, and the 
great distance whence others have oome, is the pfayncal character of 
certain others. Masses or slabs of red Triaasio shale a foot and more 
in diameter oocnr thirty, forty and fifty milea from their nearest 
possible soarce. It is not of so much significance that these masses' 
are soft now, as that they were almost surely soft at the time they 
were deposited as constttaente of this formation. This is believed to 
be true from the iact that very maoh of the Triaasio shale eeem» 
never to have been so bard but that, when wet, it oonld be readily 
cut by a knife. Many of the Triassic slabs in the Pensaaken belong: 
to just that phase of the Trias which seems never to have been hard. 
When the distance which they have been carried is remembered, it 
seems almost incredible that such masses of shale could have been 
carried from their parent formation by water alone. £ven if thi» 
were possible, it is difficult to see how they oonld have journeyed so 
far and have still preserved this angular form. It is not easy to see- 
how even the small bits of shale oould have been transferred by 
water the necessary distanoes, along with the hard quartz pebbles> 
with which they are associated. It wonld seem that, in the prootea 
of transportation, they would speedily have been gronnd to powder. 

The foT^;oiiig ooneideratioDB seem to point to floating ice as a 
co-operating agency in the production of the formation. Whether it 
was river ice, or icebei^ is still an open question. It should be 
noted, however, that no striated bowlder or stone has been found in 
the formation. 

Thiekiutt. — In thickness, the Fensauken varies from nothing to 
fifty feet. So great depths as fifty feet are known in but two places^ 
and In both these the material appears to fill valleys somewhat below 
the general level of the peneplain on which the Pensaaken was 
deposited. No figure can be given which represents very accurately 
the average thickness (^ the formation. Depths often to twenty feet 
are common, and depths of thirty feet can hardly be said to be rare. 
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It is to be remembered that the formation, as now kaowo, consists 
■cnlf of remnante, but these remnants are ofcen in snch positions and 
relations as to make it probable that their depth represents approzi- 
tnatelj the original thickness of the deposit at the points where they 
oooar. In the broad trongh, the formation seems to be rather thicker 
along the axis than toward the margins. 

Age ofUte Pmaaukm. — There can no longer be any donbt that the 
Pensauken is the equivalent of the Lafayette formation of the south. 
This conclusion was reached tentatively more than a year since. 
Becently, Mr. MiGee was kind enough to spend several days in the 
«tudy of the formation at various points, from Millville to Kingston, 
and at the close of his study expressed his conviction, without qualifi- 
■cation or reservation, that the Pensauken and the Lafayette are one. 

If the ioe which co-operated with water in the depoeition of the 
Pensauken was bei^ ice — emanating from glaciers — it is believed that 
it belonged to a gladal epoch antedating any which has heretofore 
been reeogoieed in North America. 

MeposfO'ea. — The following is a list of some of the good exposures 
^f the Pensaoken; they show different phases, of the formation: 
1°, the roadside pits south of Ranoocas, where the tutse of the forma- 
tion is much below its dsubI level ; 2°, a pit two and one-half miles 
«outhofBar]ington, on the south side of the ninety-foot hill; 3^, the 
{^vel pit in the 106-foot bill, one and one-half miles due east of 
Deacon's station (one of the best sections) ; 4°, the gravel pit three- 
-quarters of a mile west of north of Jacksonville, in the 103-foot hill ; 
6°, a gravel pit three qaarters of a mile north of east of Bnstleton 
cbnrch ; 6°, a gravel pit one- half mile southwest of Bnstleton ohurdi ; 
7°, a gravel pit two miles west of Columbus, on the Columbus- Bur- 
lington road ; 8°, a gravel pit at the comer of the road which turns east, 
one quarter of a mile north of the churoh,at Mansfield; 9°, a gravel pit 
«outh aide of the Mount Holly pike, one mile northeast of Jobstown ; 
10°, a giavel pit at the corner of the roads one-quarter of a mile south of 
<3eoigetown ; 11 °, a gravel pit one and three- qaarters miles northwest of 
Chesterfield ; 12°, east of Bordeatown, od the north side of the Borden- 
town-Chesterfield road,one-half a mile northeast of the reservoir ; 13'*, 
a gravel pit above the clay pit one- half mile west of Orosswtcks — west 
bank of creek ; 14°, a gravel pit three-quarters of a mile southeast of 
Davis station ; 15°, a gravel pit three-quarters of a mile southeast of 
NewSharon; 16°,agravelpitja8tnortheastof Newtownstation; 17°, 
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a gravel pit one- quarter of a mile soDtb of the corner near the charoh, at 
White Horse; 18°, gravel pits one-half to three-quarters of a mile 
northwest of the«bove comer, on the road to Trenton ; 19°, a gravel pit 
joat west of the meeting of five roads near Mercerville ; 20°,a gravel pit 
ODe-half mile northeast of lawrenoe station, at roadside, forty rods 
south of the oomer ; 21 °, gravel pits one and one-half miles southeast of 
Lawrence station ; 22", a gravel pit one-qnarter of a mile soathweet of 
the above station ; 23°, a gravel pit three- quarters of a mile north oi 
Half Acre ; 24°, a gravel pit, near the top of the hill, one and one- half 
miles northwest of Englishtown ; 25°, the railway out one-half mile 
southwest of Jamesbnrg ; 26°,a gravel pit three-qnarters of a mildsoath 
of Jamesbai^ station ; 27°, gravel pits and quarry one-half mile north 
of the canal look at Kingston ; 28°, a gravel pit one and three-quarters to 
two miles northwest of Spotswood, east side of the road ; 29°, the rail- 
way out at Hardenburgh Comers ; 30°,a road ont in the hillside, above 
the hotel,at Old Bridge ; 31°, a gravel pit one and one-half miles north- 
west of Old Bridge, and just east of the Middlesex driving park ; SZ'', 
the railway oat of the Raritan and South Amboy railway southeast of 
New Bmnswiok, near lAwtence brook ; 33°, at very numerous points 
about South Amboy, in railway oots and gravel pits, especially in the 
pit in tlie 147-foQt hill ; 34°,agravalpitatBoBhamtown; 35°,.aBand 
pit one mile north of Raritan. 

Sooth of the belt in which the forgoing exposures are situated, 
the formation may be well seen at the following points, at moet of 
which there are pits where the matoial is dug for road porposes : 
36°, the ISl-foot hill two and one-half miles soothweat of Marlton ; 
37°, two and one-half miles northwest of Berlin; 38°, a railway cut 
and pit just north of Pitman Grove ; 39°, one mile northeast of 
Woodstown; 40°, two miles south-southwest of AUoway; 41°, a 
half mile south of Daretown ; 42°, at Cohansey ; 43°, at two pits 
one and one-half and two and one-half miles, respectively, soutli of 
Millville, on the west ude of the river ; 44°, at the railway cuts a mile 
and a half southwest of Hammonton (Miocene at bottom); 46°, at 
the rulway cat near New Germany (Miocene at bottom); and 46°, 
at a railway cut and pit three miles or so northwest of Tnokahoe, 

This by no means exhausts the list of expoeores. The &ot that so 
many of them are gravel pits tells its own story as to the value of the 
formation, for purposes of road oonetruction. The more sandy part 
of the formation is in demand in foundries. 
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SECTION VII. 

THE JAME8BURG FORMATION. 

The Juneebarg formation, which next eacoeeds the Fetiaauken, is 
dispoeed as a sort of mantle over all the formations of greater i^ ia 
oentral and probably in soathem Jersey. Sonth of the north line of 
the OretaceouB beds, only a lew of the higher points appear to be free 
ftom it, except where its absence is dne to subsequent erosion. It is 
alb^eth^ possible that the depouts which have been grouped under 
this name ahonld be subdivided. At any rate, both the formation and 
its history are complex. Although studied independently, and its 
rdations^xed-wtthoat'ieference to work which had been done else- 
where, there can no longer be any doubt that the Jamesbni^ of New 
Jersey corresponds to the Colambia of the sonth as defined by McGee. 
Not only this, but it is also clear that there have been referred to the 
Jameeboi^, deposits which correspond in a general way with the 
" high-level " and " low-level " Columbia. The relation of these two 
snbdivisionB to each other has not yet been fixed with certainty, bat 
will receive attention in the immediate future. It has not yet been 
foand possible to draw a sharp line of division between the two 
phases, but there is some reason for believing that this may be done. 
The areas which promise the beet results in this line have not yet 
been studied in detail with this in mind. From a slight knowledge 
of the formation in the south, it is believed that the Colambia of that 
region has been made to include even more than has been included 
ander the name Jamesburg in New Jersey. 

DutribuUon. — The Jameeburg formation occurs throughout most 
of the tzoagh-like depression referred to in connection with the Pen- 
sauken formation, and extending from Trenton and Burlington on 
the Delaware, to Karitan bay. It not only covers the bottom of the 
trough, bnt laps ap onto its sides both to the northwest and to the 
sontheast, and apparently somewhat higher in the latter direction 
than in the former. Although most of the soathem part of the 
State has not been studied in great detail, it is believed that the 
Jamesbni^ is there essentially continaons, the higher hills and ridges 
only being above its level. North of the trough referred to, it has 
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little development. There are some isolated deposits ap the valley 
of the Delaware, which may belong with the Jamesbarg, bnt this 
orrelation cannot be looked upon -as b^ond question. The geo- 
graphical distribution of the Jamesbuig formation is quite as wide as 
that of the Pensauhen. Within the general area of its oocnrrence it 
is tnach more nearly continuous, being wanting only on surfaces 
which are so situated as to favor erosion. 

In some places the Jatuesburg fortnation does not appear to rise so 
high as the Pensauken. Thus along the northwest border of the 
depression referred to, the upper limit of the Jamesbu^ appears to 
be in general about 130 feet, while the Pensauken reaches a some- 
what greater altitude. At one point only, near Pennington, does the 
Jameeborg eeem to rise notably above 130 feet, and even there its 
identification is not beyond question. The contour marking the level 
referred to ( 130 feet) is the approximate northwest limit of the James- 
buig, from the Delaware to the morune, though near the monune it 
is covered by sand and gravel of late glacial age. 

Ihe atraligraphie rel^Uiona. — The Jamesbuig formation is uncon- 
formable on the eroded surface of the Pensauken ard older formations. 
It covers the remnants of the Pensauken in many places, and in closely 
associated localities rests on various members of the older formations 
from which the Pensauken had been removed before the deposition 
of the Jameeburg. Apart from the broad unconformity thus sug- 
gested, there are minor irregularities of the underlying surface, which 
may be seen at many points. These are of various sorts and are of 
varying significance. Many of them denote stratigraphio anoon- 
formity, others are the result of the upturning of trees which sent 
their roots through the Jameebu]^ into the Pensauken beneath. 

CotutihUion. — The constitution of the Jameeburg formation is as 
variable as that of the Pensauken, or perhaps even more so. Its 
character is icfluenced by snbjaoent and adjacent formations, to a 
lai^ extent. Within the area where the Pensauken is well developed, 
the material of the Jamesburg is of such a character as to suggest that it 
was derived principally from the former, The most conspicaous 
point of difference between the two lies in the fact that the Jamee- 
burg never contwns the soft, decomposed materials of the Pensauken. 
The granite, gneiss, etc,, which are especially characteristic of the 
Pensauken, are never present in the Jamesbuig ; neither are the soft 
bits of red shale, or soft pieces of decomposed chert. The action of 
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waves or of ranniDg water upon the Penaanken would give rise to a 
product very like the material of the Jame^nrg. Sach action would 
reduce the deoompoaed materials of the former to the oondition of 
toam, sand, et«. In keeping with this 8t)£$;eetioD, it is to be noted that 
the Jameebarg material is often mnoh more loamy than the Fensanken, 
and is Bometimes rather clayey. At some points it woald seem that 
fiome contribution of olay-loam must have come in from some other 
flonroe, if the bulk of the Jameebnrg was derived from the Pensaaken. 
Locally the Jamesburg is sandy. This is espeoiaUy true where the 
'Underlying formation is Miooene sand or gravel, or an unuaoally 
«andy piutse of the Pensaaken. The Jamesburg is never arkoee, even 
where the Pensauken beneath is notably so. 

Along the northwest side of the trough, the Jamesbnig may be 
6aid to be a gravelly loom. The loam predominates above, and the 
gravel is relatively more abundant below. This is shown at the 
brickyards about Trenton, and the same relations have been observed 
«t many other points where ezpoearee are lees good or less aocessible. 
It contains bowlders, along with smaller stones. The bowlders are 
occasionally glaciated, and those which bear the marks of ice are 
co-extensive with the formadon, so far as it has yet been stndied in 
detail. The bowlders are almost wholly of sandstone, such as are 
abnndant in tite ex^amorainia glacial drift. They are much more 
abundant along the northwest side of the depression referred to, than 
&rther southeast. 

Along the southeast side of the trough the character of the James- 
burg dianges, and changes in a significant way. The Pensaaken 
formation was moi« laif;ely removed from this region than elsewhere, 
before the deposition of the Jamesburg. It therefore made lees con- 
tribution to the latter, while the oontribntion of the underlying 
Cretaceous and Miocene was oorrespondingly swollen. Thus green 
«and becomes moch more abundant in the Jamesburg as the marl belt 
is approached. Its prevalent charaoter is that of a marly loam. To 
the northwest the glauconitio material does not extend more than two 
or three miles from the line of the marl outcrop, except along the 
valleys coming out from the marl belt. Along these the pregence of 
green sand extends fiulher from its source. The proportion of 
glauoonite decreases with increase of distance from the marl belt. 

On the south side of the depteesion heretofore referred to, the 
Jamesburg takes on a significant phase. Even on the higher lands 
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soatb of Uie marl ontcrop it ooataina a ooneidflrable amonnt of green 
sand, and that at levtls connderoi/y higher than the outorops of tka 
marl, showing clearly diat green sand from the marl was lifted by 
the depositing waters and finally dropped at levele oonsiderably 
above its sooroe. In snofa sitaations the JamesbDrg is a tn^ea loam^ 
oontfuning at its base more or leas gravel derived from the bed on 
which it rests. This green glaaoonitio phase of the Jamesbni^ is 
well ehowa in the railway out at Fountain Green (top of section}. It 
may also be seen resting on Miocene, at an elevation of 214 feet, two 
miles east-northeast of Cream lUdge, and at an elevation of 180 feet 
three miles soatfawest of Marlton. Its presence may be sud to be 
rather general along the Bontheast side of the line of mart ontcrop. 

The high-level Jamesborg is often very thin. Whore it reats on 
the Fensanken it frequently has the appearance of being but the 
weathered part of the latter, so that it is often very d^Kcnlt to dis- 
tinguish between them on lithological groonds. So tine is this that 
stndy had been long in progreaB before the existence of the " high- 
level" Jameebuif; over the higher areas of the Pensauken was 
regarded as demonstrated. The great body of facts now in posseasioD^ 
however, has pnt the existence of this phase of the formation beyond 
question. This statement is made with full recognition of the fact 
that, good observers might see scores of aeotione of Jamesbni^ and' 
Pensaakeu, the one over the other, without suspecting a subdivision, 
unless attention was espeoally directed to the matter. Even then it 
is probable that sine sections out of ten, or perhaps forty-nine out of 
fifty, would fail to be oonvinoing cm lithologioal groands. Bat the 
tenth section or the fiftieth is conolosive, and carries the other nine 
or forty-nine with it. 

As will be pointed out later, there is, independent of lithologioat 
considerations, sufficient reason in the topography of the region where 
the Jamesbnrg is well developed, to demonstrate the submergence of 
the areas where it is present, subsequent to the erosion which followed 
the deposition of the Pensauken, There are, therefore, two inde- 
pendent lines of evidence, either of which is believed to be quite 
safficient for the rec(^itioD of the high-level Jamesbnrg as distinct 
from the Pensauken, and both of which, taken together, do not leave 
room for question, Nevettheless the nature of the evidence in most 
places is not of such a character as to carry conviction at sight. 
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The low-level Jamesbiu^ is not lesB variable than the higlL-levd. 
At low altitadee it commonlf leats on formations older than the Pen- 
aanken, and is ao &i unlike them lithologtcollj aa to be diatinguiehed 
as a separate formation without diffionlty. Aa compared with the 
high-level portion of the formation, it seems to oont«in material 
gathered from somewhat wider sooroes. This is espeoiall^ trae in 
valleys, where the oatore of the formation at any given locality may 
be uiflDeDoed by all formations which lie above it along the line of 
drainage. 

Strvebtre. — The Jamesbnig formation is leas well stratified than 
the Bensaaken, Where ezposuns can be found which go below the 
&OBt line, stratification is shown more or leas distinctly, even thongb 
omde and irregnlar. The atratifioation lines are often mnoh contorted 
and bent upon themselves. In some cmmb the contortion reaches snch 
a degree aa to strongly suggest that some shoving or throating or 
kneading action haa taken plaoe. This irr^fnlarity and oontortioik 
of straUfioatioD are among the anomalous features of the formation^ 
and for them no adequate explanation has been found. 

Another point in tiie stmoture should be mentioned. The forma- 
tion ia oompoeed of gravel, sand and loam, and the gravel is rather 
more abundant below than above. Nevertheless the pebbles are, on 
the whole, rather evenly distributed -thron^ont the other-materiala, 
instead of bong concentrated in definite belts and layera. 

Topographia rdaiiont. — The high-level Jameaboig ia known tO' 
reach an altitude of 214 feet, but it is not known that this is it» 
maximum height. The low-level phase ia sometimea not more than 
forty feet above the aea-level. 

Occaaionally the formation ia dispoeed in the form of rude terracee. 
It is possible that aach parte, as well as the ooverii^ of some of the 
broad fiats along valleys, are of sub-aerial origin. 

One of the most striking characteristics of the Jameeburg forma- 
tion is its relation to the pre-Jamesbutg topography. From the- 
higher points within the area where the Jamesbui^ and Fensanken 
formations are distributed, frequent views oan be had which show the 
existence of well-developed systems of valleys, which are altf^ether 
oat of keeping with the existing streams in the matter of size. 
Sotae of them, indeed, are not occupied by streams at all. The main 
valleys of these systems are broad and shallow, and their tribntariee 
have a similar character, indicating that the streams which made them 
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iiad a long hietorjr . The forms of the valleys show that the streams 
which cat them were not rapid streams, and that the surface of the 
land was not high during their ezoavation. Clear as it is that these 
«yBtemB of depreseionB are river valle]rs, examination of the details 
■of their topc^raphy makes it clear that there are many minor features 
which are not the result of erosion. The slopes to these broad 
valleys are not always erosion slopes, so far as the details of their 
surfaces are concerned. 

Topography of the formation. — The Jamesbaig formation mantles 
the valleys and the low divides between them. It is saperimposed 
«pon an erosion top(^;raphy, bat disposed with snffident irregnlarity 
to give rise to certain distinctly non-erosion features. Quite apart 
from its topographic distribution, then, the Jameebui^ formation has 
« topography of its own, which is not its least significant feature. 
The topt^raphy of the formation, as distinct from its top(^;raphic 
celatious, is the topc^raphy for which the disposition of its material is 
ivspousible, independent of its base. 

There are two types of topographic features, due to the in^^lar 
-disposition of the Jamesburg material. These are — 1°, low curved 
ridges, and 2°, sancer-shaped depressions. The little ridges are three 
to ten feet in height, have a width of twenty to forty feet, and a length 
of forty rods or less. Oroes-sectionB of them have been seen now 
and then, and they have a concentric strnoture, the center of which 
is not in the center of the ridge, bat on its concave side. These 
ridges are by no means oo-eztenaive with the formation, and are much 
more commonly developed along the pre- Jameeboi^ valleys and slopes 
than elsewhere. 

The other topographic feature, the dnks, is much more widespread. 
They are often associated with the ridges, but occur at many points 
where the ridges do not. Indeed, they are essentially co-extensive 
with the formation itself. Certain points in their distribution will be 
noted fkrther on. 

The little ridges oflen mn out from slopes into the valleys, or ou to 
4he lower land adjacent. Several of them are sometimes associated, 
forming tangles of ridges, which then inclose shallow, undraiued de^ 
pieenous. " Where the ridges and intervening depressions are abund- 
antly developed, the topography sometimes takes on an aspect which 
«ug£eet8 the topography of weakly-developed moraines, Analysis of 
tin topography shows that it really difiFers from that of a moraine. 
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chiefly io that there ia a certain system in the arrangement of the d»- 
preseiona. They also appear to be somewhat definitely related to each 
other in the matter of size. This arrangement often stands in a 
definite relation to the arrangement of the valleys, and to the eroeion 
top(^;raphy beneath the Jamesbui^. 

The following featores and relations occnr with saffioient freqaenoy 
to be designated as general oharaeteristios, though they are not to W 
Been everywhere : 1°. Id any restricted area where the depressions are- 
abundantly developed, they have an approximately constant depth. 
Thns, in any region where a depression ia three feet deep, the adjoin- 
ing depreeaionB will be found to depart bat little from this depth, 2°.. 
There is a general relationship between the depth of a depression and 
its diameter. A depression three feet deep ia usually three or four 
rods wide, while one ten feet deep is fifteen to twenty rods wide. 3°. 
A line may be drawn connecting any two of these basins without poe- 
sesfflDg significance; bat if three basins be found to be lineally 
arranged, other basins are likely to be found in the same line. In 
anch a linear aeries the individual depreaeions are likely to grow pro- 
gresaively larger from one end to the other (a partial exception to 1^ 
above). In the direction in which the depressions increase in aize> 
the series is likely to oonneot finally with some gnlly or small valley. 
In regions where the depressions are few and single, nearly all of 
them are found at the heads of small valleys. 4°, Where the ridges 
are nomeroua and have various courses, undrained depressions are 
neoesearily formed by tbdr intersections. Many depreseions, how- 
ever, have no relation to the little ridges. They frequently ooour on 
plains and along iidleys where the ridges are absent. The depressions 
are likely to be found in cols across divides which separate consider- 
able drainage systems. 6°. The ridges are especially well developed 
along the line a little northwest of the center of the Bordentown- 
Baritan bay trough. This is the line where the Baritan clay occurs, 
and it is also the lowest line along the trough. The latter considera- 
tion ia probably the one which has determined their presence. 6°, 
Within this area, the lidgea are best developed along lines marking 
changes of the slope from a higher to a lower level, and especially on 
the slopes to broad valleys. They often run out into valleys, and 
sometimes entirely cross them, tbua interfering with drainage and 
giving rise to marshes. 7°. In aome instances there seema to be a re- 
lationship between the little ridges and the angle of the slope from 
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■wticb they project. So far as such relation can be said to exist, the 
ridges seem to be longer on the geptler slopes, and shorter on the 
«t«eperonefi. 8°. Where the small ridgea are developed, they are osaally 
«ven-created, narrower and higher at one end, and lower and broader 
at the other. Besides being carved they are often hooked at the 
lower end. Branches are sometimes given off from their convex 
«ides. The secondary ridges are never higher than the point at which 
they leave the main ridge, 9^. The material of the ridgea generally 
resembles the material of the higher land from whioh they jat, more 
«lose]y than the material of the formstion immediately beneath them. 

ThieJcnett. — The thickness of the formation varies from nothing 
io thirty feet. Nowhere does it attain eo great a thickness as that 
represented by the latter fignre, except where pre-Jameebni^ valleys 
have been filled with it. At the higher levels, it« average thickness 
«an hardly exceed five feet, and in many places it doee not exceed 
three. 

The origin of the formation. — Until the whole area of tlie forma- 
tion has been studied with oare, all conclusions oonoeming its origin 
must be r^arded as tentative. It seems cortain, however, Hiat the 
formation was prodaced daring the sabmei^noe of the area whioh it 
oovers. There seems to be no other explanation of the high-level 
portion of the formation possible, and snbmei^nce of the areas where 
the high-level portion of the formation is found mast have involved, 
necessarily, the submei^ence of the areas where the low-level portion 
is found. 

It will be recalled that the Jamesbnrg is locally a glanconitio loam, 
mingled with gravel, and that this phase of the formation is found at 
the highest levels where the formation is known. The association of 
gravel with the loam makei it certain that it is not an eolian deposit. 
The faot that the gravel contains, in some places, water- loom bits of 
iron-atOM, derived from the mdurated parU of the undo'lyit^ Pen- 
■«au£en, shows that water was the agent oonoemed in its deposition. 
Locally the stratifioatioo.of the deposits is clearly snch as water alone 
could produce. 

The little ridges which have been noted are confidently believed to 
represent the work of waves and shallow water ourrents. It is not 
«asy to see how otherwise they could be built out across valleys, or 
liow they oould be built half way aoroee them. 
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Tbere ia, farthermore, the singalar pheoomeDon of well-developed 
STstema of eroaion valleys oat of all keeping wUb the etreauu that 
occupy them, and in eome cases withoat streams of any sort. These 
valleys were developed after the Pensaakea deposition, as shown by 
their relation to that formation. These valleys, as well as the ioter- 
yeniog divides, are mantled by the Jameeboi^. The depresaians and 
little ridges referred to often affeot these valleys, some of whioh 
appear never to have possessed streams ainoe the Jameaborg waa 
deposited. 

It would be poaaible to think of the shallow depressions as bong 
^ae to the sabjaoent formations, e, g. to ita unequal settling. Id this 
conneotion it may be recalled that they are best developed over the 
Baritan day and clay marl formations. But similar depressions do 
not affect the surface of these formations where the Jameebai^ is 
sbsent, and similar depressions are present when the underlying 
formationa are not Baritan clay or day marl. 

The ridges, on the other band, do not appear to stand in any other 
than an aeoideatal relationship to the aaderlyiog formations. In 
many oases the ridges are responsible for the ainka, as already noted, 
and the more ratioual oonoluaion seems to be that the two features 
have a oommon origin. 

If the formation was produced by sabmergenoe of the area which 
it oovera, there were two epochs, one dnring snbmeigeDce and one 
during emei^ence, when each part of the sorfaoe was at sea-leveL 
Effective wave action on the aurfece at any given levd was limited 
to the time when the water waa ahallow. In the case of the broader 
shoals, the effect of the waves would be to develop them into fiats, 
bearing the material ont off from these aurfaoes to the deeper water 
about them, thna enlai^ing by deposition the flat produced by plana- 
tion. If some saoh action aa this has taken place, the time involved 
being short, it would have left the sur&oe very much as we find it. 
From the shoals, waves and currents would have built bare and spita 
here and there. These are believed to be represented by the ridgea 
referred to in the foregoing pages, although their constitutioa does 
not always seem to necessitate this oondusion. 

At certain stages of the sabmeigence, and again at corresponding 
stages of emei^enoe, the oob along the divides were converted into 
little straits connecting the larger bodies of water on either side. At 
these atages the higher hills and ridges were islands. Through these 
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little straits the tides and waves worked with more or less force, and 
might have given rise to the phenomena which are foond in these 
poeitions. 

Examination of the coast enrvey charts of various parts of the 
Atlantic cooet shows the existence of topographic featares which 
seem to be similar to those of the area under consideration, in the 
shallow water oET shore. So far as can be made ont from the data of 
these charts, there appear to be low, ridge-like swells, oAen carved in 
form, aesooiated with, or somettmee even inclosing basin-like depres- 
sions, oomparablfl in all respects to those which affect the sarface of 
the land area. 

As seen on the ooast survey ohaits, these depressions are often eight 
to ten feet deep. Th^ are espetnally well shown on chart 180, on 
the west side of the peninsula of Florida, but they may be seen in 
greats or lees development on almost any of the charts from Sew 
York soath, where there are small islands connected by shoals. 

Topc^^phic featares of this sort affect the coastal plain area in 
various localities far south of New Jersey. The sinks, the ridge^ 
and the andalatiog topt^raphy to which their assodatbn gives rise, 
are wall seen in some parts of Delaware and Maryland, and perhap» 
still farther soath. 

A further reason for believing that the formation was laid down 
during Biibmeigence of the area it covers, is found in the preeenoe of 
glaciated bowlders, in positions which glacier ice did not reach, and 
in positions to which streams ooald not have carried them. The only 
s^eot which seems competent to account for them is floating ice, and 
floating ice means sabmeigenoe. The period of submergenoe most 
have been short, since the thickness of the formation is so slight. 

While sabmei^ence wonld seem to aocount for the phenomena of 
the Jamesbui^ formation, there is a difficulty in aoooanting for the 
absence of certain phenomena which, under this hypothesis, it might 
be thought should be present. Here may be mentioned the fact that 
distinct shore lines for the Jamesbarg sea are wanting, and the further 
fact that marine fossils have not been found in the formation. The 
absenoe of fossils from the high-level' part of the formation at least, is 
not strange. The deposit is so thin that surface-weatfaering might 
easily have destroyed them. The absence of shore lines was long 
regarded as an almost fatal objection to the submergenoe theory ; but 
the growing body of eridenoe has led to the conduEdon, oonoeming 
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which DO doabt is looger-eotertaioed, that this is Ihe real explanalioa 
of the origin of the formatioD. It may be that the abseDce of dis- 
tinct shore lines needs explanation, bnt this most be foand in Bome 
other direction than by denying the snbmergence. 

Where the pre- Jameebarg erosion had advanced ao far as to develop 
broad low-level fiats, Jamesburg material mast have been deposited 
on them at the same time that the high-level Jamesbui^ was being 
deposited. Daring the emergence of the land which followed the 
deposition of the high-level Jameebni^, sedimentation moat have 
been continued cv^ the lower sarfaoes after it ceased on the higher. 
A. part of the low-level Jamesbnrg ia therefore quite certainly con- 
temporaneous with the high-level part of the formation, while another 
part of it is yonnger. How maob younger ia not now known. 
Neither is it known whether all whioh is olasaed as low -level James- 
bnrg was really oontinnons in origin, following on from the date of 
the high-lev^ portion of the formation. It ia poesible that the low- 
level Jameabarg of the valleys, especially that which is disposed in 
the form of terraces, was deposited by streams and not by the sea. 
It is very probable that definite subdivisiona of this formation may 
yet be established. 

Age of the Jame^ntrg. — The amonnt of erosion accomplished since 
the depoution of the Jamesburg ia slight. Thia ia ebown not only 
by the various fitote already mentioned respecting the ondminad 
depressions along the axes of valleys, but also by the undissected 
fiata of this material even where in close association with coneiderable 
streams, Ferhape the most notable of these is the aneroded surface 
northeast of New Brunswick, toward Bonhamtown. Either the 
formation is very recent, or conditions since its development have 
been most unfavorable for erosion. In many places the oonstitutioh 
of the formation ia such as not to fatulitate erosion, since it is so 
porous as to allow prefiipitation to sink beneath the surface rather 
than to force it to flow off over it. 

The presence of glaciated bowlders in the Jamesbui^ formation 
seems to connect it with some stage of the glacial period. The 
bowlders are of the type which belong to the extra-morainio, and not 
to the morainio drift. This would eeem to place it before the last 
glacial epoch. Its relation to the Trenton gravels points in the same 
direction. Yet the email amount of erosion which it has suffered 
aeems hardly consistent with its correlation with the (arlieet glacial 
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epoch. The presence of the " old " drift type of bowlders might be 
accounted for, if it be sapposedj that) the old drift was already in 
existence when the Jamesboig was developed. The exact age of the 
Jamesbuig, in t«rma of the glacial period, is one of the questions 
which awaite solntioo, so far as New Jersey is concerned, though it 
is not b^eved to be insolable. 

The time relations of the low-level Jamesboig are even more 
onoerttdn. It seeme'certaio that this portion of the formation is in 
part younger than the other, and some of it may be much yoanger. 
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SECTION VIII. 

P0ST-JAME8BURG FORMATIONS. 

Along the valley of the Delaware, reaching up to elevations of 
abont sixty feet in the vioiDity of Boideotown, bat decliDing g^ada- 
«lly to the southward, there is more or less sand, gravel and loam, 
which ie later in origin than the Jamesbaig formation. The follow- 
ing seotioD at Edgewater Park, at an elevation of forty feet, indicates 
the oharaoter of the later foimationB as seen at variooa points : 

4. Two to five feet of yellow sand — probably eolian. 

3. Five feet of dark-colored clay, somewhat resembling certain snb- 
divisions of the day Marl series, bnt nnlike the clay marl in that it 
does not carry iron pyrites or glaaconite. It is greasy to the touch in 
eome places, and gritty in others. It is horizontally bedded, and in 
places laminated, the laminse being somewhat irregnlar, 

2. Ten feet of sand, the opper half quite like that at the earface. 
The lower half oontains many bits and grains of shale and greywacke, 
which strongly snj^^t its correlation with the glacial gravels and 
aand of Trenton. 

1. Two feet of gravel, in which qnartz greatly predominates. The 
other materials are not such as to be altogether uneqaivocal, bat they 
strongly su^;eet the correlation sn^;e8ted by the sand. 

The type of gravel found at Edgewater Park is seen at other 
points along the Delaware river, from Edgewater Park to Florence, 
oo the north, and to Philadelphia, on tlie sonth. The gravel eome- 
times appears in the form of litUe knolls without covering of other 
material. More commonly it is overspread by sand containing the 
greyish materials noted above. Mnoh of this sand may perhaps be 
of eolian origin, but it appears to have been derived from the Trenton 
.gravel material. 

At several points along the Delaware, olay loam is fonnd having a 
«hocolate-brown color. This may be seen a mile and a half south- 
west of Kinkora, where it is used for brick ; at £inkora, where it is 
stripped ofT from the surface of the main clay pit ; a mile sonthweet 
of FieldeboTo, at Graham company's olay pit ; and a mile and a half 
northeast of Bordeotown, At this point, tlte sedioo is as follows : 
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3. Five feet of dark-oolored clay loam, more or lesa mottled with 
yellow. 

2. Two feet of saDd and gravel. 

1. Cretaceoua day, Clay Mart Beries, 

This sarfaoe loam and day loam along the Delaware seems to be 
disposed on a plain whidi gradually rises from abont thirty feet at 
Edgewater Park, to aboat sixty feet at Bordentown. Soath of Flor- 
enoe, thia day loam overlies sand, the oonstitntion of whidi indicates 
that it is to be oorrdated with the glacial gravels of Trenton. !Nortb- 
east of Florence the day loam is more commonly onderlain by gntvel. 
At Holmesburg Jnnction, Penna., six to ten feet of stratified sandy 
loam overlie sand and gravel of tlie Trenton gravd series. 

There is some indication that the valleys of the streams tribntary 
to the Delaware river from Crosswioks creek, sontfa to Banoooas creek 
were filled np to abont the levd to which this clay loam rises, at the 
time it was deposited. The eBeiA of this filling can be traced ap 
these tribntaries for distancea varying from three to six miles. The 
evidence seems to pt^t to the correlation of this ]oam with the last- 
Bta^ of the depomtion, of which the Trenton gravels are the first. 
l!lie owrdation of these yonng formations bordering the lower 
oonrse of the Delaware river and Delaware bay, can only be finally 
nude by carrying the study iarther south, and determining its oon- 
nectione in that direction. It is weU-nigh certain, however, that it 
will be found to connect with what was described as the fourth phase 
of the "yellow gravd" formation in the A""i^l Report for 1893. 
This covers the sarfaoe of the eastern and southern portions of the- 
State up to an altitude of forty to fifty feet It is possible that a part 
of the iow-levd Jamesburg of the vvlleys of South Jersey is to be- 
condated with this formatioD, occupying the lowlands about the 
coast. In that event it is dear that the Jamesbni^ must be subdivided.. 
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SECTION IX. 

ROAD MATERIAL. 



From the stanctpoiiit of road ooNstraction, the State may be divided 
into five unequal areas. Tbeee are — 1°, the area east of the bigfa- 
fande and north of the moraine; 2°, the highland area ; 3°, the area 
west of the highlands as far south as the border of the Triassic area; 
4°, the Triaseic area outside the moraine; 5°, the area south of the 
Trias. While the r^ions thus defined are not always very distinct, 
«till the problems and the difiBculties presented are somewhat difilerent 
in these several tracts, and somewhat similar within the limits of each. 

1. In the northeastern part of the State the surface material is not 
well adapted for roadbeds. This is the r^on where stratified drift 
is most abundant, and the stratified drift is usually too sandy to make 
good roads. Where the drift is of the other type (till), it is often 
too olayey for road purposes, so that good highways can be secured 
only by the use of some material which shall be free from the 
'disadvantages both of clay and of sand. 

Much attention has already been given to the construction of roads 
in this part of the Slate, The inexhaustible supply of trap rock, 
which fumifihee mat«rial admirably adapted for roadbeds, has already 
been drawn upon to a lai^ extent. The results speak for tbem- 
eelves. Where thia material is available, nothing else is likely to be 
«xteneively used. 

2. The highland area (crystalline schist) of the Stat« is much less 
densely populated than the preceding, and, in consequence, less atten- 
tion has been given to the constraction of roads. In many parts of 
this region, the nature of the soil and surface material are such that 
fairly good roads have been secured without the expenditure of great 
labor. There is an abundauoe of gravel, though it is lees well dis- 
tributed than oould be desired. On the whole, it is too loose, too 
free from binding material, to give the best results. A slight admix- 
ture of some subet&noe which would help it to pack, such ae day, 
loam, shale or trap, would add greatly to its value. It is protable 
that a judicious use of the materials at hand would obviate the neces- 
6ity of importing crushed rock or anything else. 
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3. Id the KittatiaDy valley the drift is composed largely of Bbale 
and slate, and is, in coneeqneBee, of SDch composition as to make 
road oonstruotioD an easy matter. Even where the drift is thin, or 
essentially absent, the problem is not more difiScalt, since the slate 
itself gives a roadbed whicb leaves littJe to be desired. Where the 
drift does not give a good roadbed directly, and it is aometimes too 
sandy, shale or slate gravel is osoally within eaiy reach. The 
problem of good roads in the northwestern part of the State presents 
ne seriooB difficalties, so tar as proper material for roadbeds is con- 
cerned. 

4. Thronghottt most of the Triaaeic area sonth of the glacial drift,, 
the shale and the products of its decay affordB roadbeds which are 
fairly good most of the year. In many parts of the tract, trap i» 
accessible if anything needs to be added, and in a few places there is 
gravel of excellent qnality. It is only where the sntfaoe is too flat 
for good drain^e, that the constmction of fairly good roads is likely 
to be difBcnlt or expensive, Tbronghont mncb of the area it is true 
that the addition of trap to the roadbed would be an improvement^ 
and an improvement which would be notable especially during times 
of ezcesuve moistore or drought. 

5. South of the red shale area, the road problem is a much more 
serious one. In this, the larger jiart of the State, the sarface materials 
are of such a character that they do not osaally give good roadbeds 
directly. Much of the surface is so sandy that even passably good 
roads can be had only by the addition of foreign material. Where 
the sorfaoe is gravelly, the gravel is often so free from binding 
material that it will not pack. Throughout most of this area, road 
beds must be made, if roads are to be in good condition at all seasons 
of the year, and in all conditions of moisture and dronght. 

There is no local soaroe of trap in this part of tbe State, Neither 
is it so connected by railways or canals with the r^on where trap 
occurs, as to render the importation of this material inexpensive. It 
follows that any local supply of good material for the construction oi 
roadbeds is of especial importence, Fortunately, there is an abund- 
ance of gravel, some of which is of such a character as to' be admir- 
ably adapted for immediate application to the roads. To be adapted 
for immediate application, gravel must have the proper d^r^e of 
coarsmess, and must have either 1°, a matrix which will cause it to 
pack or " bind " in the roadbed ; or 2°, it must contain some 
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physical element which will crush nnder traffic, thus fuTQiBhing the 
material which will act aa a matrix. Gravel of both these types is 
found in abundance in many localities, hnt it is by no means distributed 
over the total ana under consideration. 

Gravel of the first type is found in many places where the Fen- 
sauken is well developed. In a few plaoes gravel is found with so 
much iron oxide coating its pebbles, that this tshes the place of a 
matrix. This sort of gravel oocnrs at Shark Siver. 

So far as oonoems gravel of the second type, viz., that which oon- 
tains physical elements which will cmsh under traffic, attention may 
be called to two constitnents which are often present. These are — 
1°, bits of ironstone, which are sometimes very abundant in the Feu- 
eaoken and later formations, and 2°, bits of decomposed chert, which 
are found especially in the Beacon Hill and Pensanken formations. 
As constitnents of the Pensanken and later formations, the bits of 
ironstone are derived chiefly from the indurated layers or lamince of 
the Cretaoeons and Beacon Hill strata. As constitnents of the James- 
bnrg, they are derived from the same formations, and from the Fen- 
eauken besides. In the Jamesburg formation, gravel of this sort is 
often found in valleys which have their soaroee in Cretaceous bills, 
which are capped with remnants of Beacon Hill material. The 
streams have carried down the iron crusts from both formations, 
along with quartz pebbles from the upper one, and have deposited the 
two tc^ether. 

The gravel, of which the ironstone is a constituent, is by no means 
confined to valleys. While it is widespread, it is found abundantly 
only in those regions where there were hills and ridges composed of 
the Cretaceous strata at the time the Fensauken formation was de- 
posited. This general principle defines the area where the ironstone- 
bearing gravel is plentifol. It is found especially along a belt soutli- 
east of tiie trough referred to in the preceding pages — that is, along 
a belt extending from the Naveetnk Highlands, on the northeast, 
through the Mount Pleasant hills and the Clarksburg hille, to Amey's 
Monnt, on the southwest. Within this area, gravel which is oom- 
posed largely of ironstone, is of frequent occurrence, and gravel which 
has enough ironstone to allow it to pack, is still more widely dis- 
tributed. Nevertheless, the supply is limited, since it often occurs in 
small beds only. The ironstone is mainly in the fcnrm of flat chips, 
a fraoUon of an inch thick, but always water-worn. These chips 
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break and crush easily under the wheels, so that their preseoce in 
proper quantity constitates the gravel containing them an exoellent 
road material. 

There are several other classes of material which are, or may be, 
used directly with more or less saccess for the oonstrnctioa of road- 
beds. There is 1°, a variety of coarse, more or less arkoee sand, such 
as often forms the matrix of gravel in the Pensauken formation. It 
is found in the Pensauken formation, at many points, constituting, 
indeed, its sandy or loamy member. 2°, Gritty marl. This is reier- 
ahle to one of the formations later than the fieaoon Hill, mainly 
Jamesbarg. It consists of Cretaceous marl, worked over and mixed 
with more or less coarse sand. This type of material may be seen a 
short distance northwest of New Egypt. 3°. Bc^ iron ore, which 
crashes readily and gives a hard roadbed, oocars in conaiderahle 
quantity in various marshes. One locality, where it is abundant, is a 
mile or so northwest of Perrineville, It will probably he found to 
exist in many marshes where it has not yet attracted attention. 4°. 
There is, in many places, an abundance of gravel which has too little 
matrix, or too sandy a matrix, to give roads of the highest excellence, 
but which is still mncb better than nothing, for nse upon the 
highways. 

While all the materials mentioned in the preceding paragraph have 
been used to greater or less extent, their possibilities have by no means 
been exhausted. While each of these materials, taken by itself, 
will serve to improve bad roads, it is probable that the greatest value 
of each will be found to be in combination. The gritty marl, the 
bc^ ore, and the arkose or mealy sand, will each be better in combina' 
tion with gravel than alone ; and since gravel is so much more 
abundant than the others, economy of material would urge their com- 
bination. This can be effected easily where the various sorts of 
material occur in closely associated localities. This is sometimes, 
though unfortunately not nsually, the case. Where the gritty marl, 
the bog ore, and the arkose sand are wanting, there is frequently clay- 
loam which might be combined with the gravel advantageously. It 
is well-nigh certain that intelligeot experimentation in the way of 
combining accessible materials would abaodantly repay the cost 
involved. 

In the more enterprising communities many excellent roads have 
been constructed of the local material derived from the Pensanken 
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foimatioD, roads wliioh are seooud only to the trap roads of tlie nortb- 
«a8tern part of the State. Many of the roads about Vineland, 
fitidgeton, MillvUle, Woodstowo, as well as many ooontiy roads in 
the belt of rich agricaltural land a few miles back from the Delaware, 
in the soathem part of the State, are saGBoient testimony to the excel- 
lenoe of the material. In judging of the qnalitio of this sand and 
gravel, for road parposes, from the roads where it has heea need, 
account shoald always be taken — 1°, of the care with which the 
foundation was prepared for its reception ; 2°, of the amonnt of 
material used in the first place; 3°, of the care which the road has 
received since the material was first applied ; and 4°, of the length of 
time daring which the road has been in ase. Where the material to 
be ased on a road is chtap, there is always a tendency to make poor 
preparation for it — and to take little oare of it after it is onoe applied. 

Brief reference is here made to some of the looalitiee where road 
material is fonnd available either in it» present condition or in com- 
bination. The referenoee are by no means exhaustive, as much of 
4he eoathem part of the State has not been studied in detail. Fuller 
<lata are at hand concerning the southern part of Mercer and Middle- 
«ex Gonnties, and the western parts of Monmouth and Burlington, 
than for other r^ions. 

SoKthem MiddUtex eovmty. — The available road material of 
flouthem Middlesex oonnly consists of gravel, with a loamy or arkoee 
matrix, and a small amount of bog iron ore. In many places, the 
gravel has a matrix such that it packs well in the roadbed, as taken 
from the pits. In other cases, the matrix is of such a character or 
quantity, that oombinations of material might be made advantageously. 
Some of the more important looalitiee where avail(d>le road material 
occurs are as follows : In the viainity of South Amboy, mndi that 
is good for immediate application, and much arkoee sand that would 
be improved by the addition of gravel ; in the vidnity of Old Bridge, 
«8pe(»al]y to the northwest; at several points northeast of Milltown, 
within a mile or two of the village ; one and one-half miles north- 
west of SpotBwood ; in the southwest portion of South Brunswick 
township, as, for instance, s mile southeast of Fresh Ponda ; a mile 
and a half southeast of Dayton, and northwest of the same place ; at 
Kingston ; north of Bed Tavern (Monroe township) ; south and west 
of Old Church, especially on the hill-tops ; about Half Acre, and 
thence southeast to Gravel Hill ; south and southwest of Jamesburg ; 
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at various points on the highlands between the State Reform Sohool 
and Englisbtown ; on some of the high inter-stream areas of Cranbnry 
township ; and along some of the stream-flats, as a half a mile below 
Cranbury mill. Most of the gravel here referred to belongs to the 
Pensanken formation, though that along the stream-flats is yoanger. 

Bcmikam Jferoer oouitUy. — At various plaoes in the part of Meroer 
connty under oonsideration, the character of the sarfaoe material is 
such as to afford moderately good roadbeds without the addition of 
any sort of material. There are relatively few areas where the sup- 
ply of good road gravel is abundant, though there are many local beds 
of gravel, which are sufGoient for local needs. Mentioe may be made , 
of the arkose sand at Hightetown, which would bear admixture 
with gravel, and of gravel at various points in Hamilton township^ 
io the vidnity of Hamilton Square, Mercerville (Sandtown), Dog- 
town, White Horse and Lawrence station. The road material of 
these localities belongs to the Pensanken formation. Much of it 
coutams oonstitnents which omsh readily, and so supply the material 
for rendering the roadbed oompact. 

The northweatem part of Burlington eowUy. — That part of Bnr- 
ling^n county which has been studied in detail, has an abundant 
supply of road material. While mach of it is of such a character 
that it can be applied to the roads directly, more of it could be mixed 
advantageously with material which wonld help it to pack more 
readily under traffic. Even this latter class of material most be 
regarded as available for the ooustruotiou of roads. The road material 
of this county may be grouped as follows : 

1°. Gravelly loam. — In this class of material it frequently happens 
that loam and gravel are associated in about the right proportions U> 
make good roadbeds. It is also common to find the gravel without 
sufficient loam, or with none at all. In such cases a slight admixture 
of clay or marl will supply the deficiency. The matrix of the gravel 
is sometimes sharp sand, awociated with some white, kaolin-like sub- 
stance, which helps the whole to pack under the wheel. When the 
same sort of sand occurs alone, as is sometimes the case, it often packs 
well in the roadbed, but does not appear to be very durable under 
heavy traffic. The materials classed nnder this general heading som^ 
times vary too far in the direction of coarseness, containing consider- 
able qoantitaes of cobbles, which need to be removed before applicft- 
tioQ to the roadbed. 
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Areas where gravelly loam occur are mostly near tlie Delaware, 
especially on the higher lands between the tribntariea to this stream. 
Tracts of greater or lees extent within which this type of material is 
abundant, ooonr east of Bordentown, and between that city and Croes- 
wicks; a mile aontbeaat of Crosswicks; northwest of Mansfield 
Square ; between that place and Fieldsboroagh ; a mile or less east of 
Kinhora ; about Bostleton ; a few rods nertheast of Deacon's station ; 
half way between Deacon's station and Barlington, on the Bonth side 
of the railway ; in the vicinity of Banoooas ; and two miles south of 
Barlington. 

All of these areas of gravelly loam are remnantA of the Pensaahen 
formation which have escaped deetraotion by erosion. They are all 
at elevations ranging from 70 to 100 feet, the lesser figure belonging 
to the areas &rthest to the southwest. The total area of these several 
patdies amounts to something like sixteen square miles, and the 
average depth of material is probably about ten feet. It is not to be 
inferred, however, that all the gravelly material to a depth of ten 
feet within the tracts noted is good for road purposes. Bather should 
it be understood that in these various areas there are oonsiderable 
beds of loamy or sandy gravel capable of famishi»g materials which, 
either in themselves or in oombinataon, are valuable for the oonatruo- 
tion of roadbeds. Gravel pits have already been opened in all the 
places mentioned, and in many oases experience has shown that the 
material, as taken from the pits, is of excellent quality. 

Irotuione gravd. — Another type of gisvel which is available for 
the ooostmotion of highways oocnrs in limited patches over a belt of 
territory somewhat &rther east, lying between Ellisdale and Wain- 
ford on the northeast, and Jobetown on the southwest. This second 
type of gravel consists of bits of ironstone, t«^her with small 
pebbles of qoartz. The gravel frequently has a matrix of marly day 
and sand. The especial excellence of this type of material inheres in 
the abundant pieces of ironstone, which crnsh readily under the wheel 
and affi)rd an excellent matrix for the other oonstitnents of the gravel. 
Unlike the preceding type, this gravel rarely contains stones which 
are so large as to be objectionable, and a much larger percent!^ of it 
is in such a condition as to make it available without the admixture 
of foreign ingredients. 

A number of points are known where this sort of material occurs, 
bat nnfcHTtanately beds of it are often extremely local. It is probable 
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that it exists at naaj points where not exposed, bat its distribution 
is 80 fortuitons as to make its discovery difficult withont actaal exca- 
vation. It is known at the following places ; Three- qoarten of a 
mile soath of Walnford, three-quarters of a mile west of Aroeytown; 
at several points just east of Chesterfield within the distance of a mile; 
at several points between Chesterfield and Qeorgetown, a mile north- 
west of the latter place, and on several summits south and southwest 
of it, within the distance of a mile or two ; at Mansfield, at a point a 
mile and a half west of south of Jobstown, and a mile east of north 
of Jalinstown, Lik« the preceding type, this gravel oocnrs mainly 
on summits and divides, and at similar elevations. Like the other 
also, it belongs to the Pensauken formation. The ironstone gravel is 
much less extensively developed than that of the preceding type, but 
most of it is immediately available. 

Quartz gravd. — The third type of gravel oonsists principally of 
email quartz pebbles. In itself it does not always pack well, but 
with a slight admixture of the proper sort of binding material, much 
of it would make excellent roadbeds. Some sort of marly loam 
wonld supply its inherent deficiency. This type of material is found 
at intervals from Amey'e Mount to Ameytown. It oocnrs in Amey's 
Mount, in the ridge south of Jnlinstown, on the summits north and 
south of Fountain Green, between Wrightstown and Springfield; 
«hort distances southeast and also west of Sykesville, and on several 
of the summits within a mile to the northeast, north and northwest 
of that place. It appears ^ain just north of Jaoobstown, and between 
Jacobstown and Ameytown, as well as a half mile east of that place. 
This class of material belongs largely to the Beacon Hill (Miocene), 
though some of it is to be referred to the Peneanken. 

OrUty marl, — A short distance northwest of New I^^t there is 
an area where marly clay exists, containing a very considerable 
amount of sharp, coarse sand. It has not been sufficiently used to 
establish its merits as road material, but temporary results &om its 
use seem to be good. Similar gritty clay is found at various points 
from Julinstown to Springfield Church, and thence to Georgetown, 
but it has not been brought into general use, Northeast of New 
Egypt this type of material is common along the border of the 
pines, and in that region it is often the only available road material. 
Oeologically, this material belongs to the Jamesburg formation. 
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MONMODTH OODSTY. 



Weattm MonmouOi cowity. — In the western part of Moomonttr 
oonnty (tlmt put which sppean on sheets 8 sod 12), there is an 
aboDcIaiioe of road material of variable quality, bnt it is ncA alto- 
gether well distribated. In some considerable tracts there ia no- 
gravel, while in others it ia abanilant, bnt uofortnoately not asso- 
ciated with loam or soything else which gives it the packing qoalltjr. 

Millstone township is much better supplied with material whicb 
can be used for roadbeds than any other portion of western Mon- 
month oonnty. Within this township lie the Fei;rinevine-ClarkB- 
bnrg hills, in which there is an abnndant supply of gravel, thongb 
maoh of it has too little matrix to make it immediately serviceable. 
There is here a considerable amoant of gravel, however, which has- 
the proper sort of matrix in proper qoaotity. One of the best ezpo- 
Bnres of gravel of this sort oocars in the hill-top a mile east of Per- 
rineville, and abont eighty rods north of the road, while another pit 
of excellent material is situated a mile northeast of Clarksbnii;. 

Xearly all the hills from Pine hill southwest to Clarkebui^ are 
capped with gravel (Beacon Hill) to a greator or less extent. On 
the slopes of these hills also, and on the benchei against their slopes,, 
there is frequently a sufGoient accumnlstion of gravelly material to- 
be workable. The gravel on tiie slopes (Pensanken) does not 
generally pack so wdl as that upon the hill-topa, chiefly becanse it is- 
essentially wanting in the decayed and easily-crushed chert, which is a. 
constituent of the high-level gravels. In some localities, on the other 
hand, the low-level gravels contain a considerable quantity of iron- 
stone in small pieces, and this serves the same purpose as the chert. 

A mile northwest of Perrinevilte there are a number of marshy 
areas where bog iron ore occurs in considerable qoantily. This ore 
is likely to prove one of the most important local sources of road 
material. Its most economical use will probably be found to be in 
assodation with gravel, for it will supply the proper binding material 
for a tai^ body of gravel which otherwise would be of little value. 
Aside from the bog ore just referred to, there are a number of nwampa 
and marshes in this township where considerable quantities of similar 
material are known. 

The hilly eastern portion of Upper Freehold township has road 
material com|mrable to that of Millstone township in kind, quantity 
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«nd distributioa. Here, as there, gravel is found apoD the hill-tops, 
aa v«lt as on their slopes. The latter is often better than the former, 
beoanae of its abondaDt content of ironstone chips. Ontside the 
hilly part of the township, gravel of good quality ts foand in many 
places, bnt beds of it are not extensive, and considerable tracts have 
none. 

OtKer aetat. — There are many localities ontside the area which has 
been studied in detail where road material of good quality is known 
to occur. The following list of localities where pits for road material 
have been opened, while not exIiaoBtive, may serve to show how 
widespread available material is. In many localities the gravel is of 
high grade and 'ready for application to the roadbed, as taken from 
the pit. Ocean oouni^, 1°, two miles south of Lakewood; 2°, east 
and northeast of Toms River, where indifferent material has been 
osed so as to make fairly good roads ; 3°, near StafTordville. lo 
BwUingUm, oounfy, in addition to localities heretofore specified, V, at 
Woodmansie. In Oxmdea county, 1°, two miles soothwest of Marl- 
ton ; 2°, at various points two and three miles northwest of Berlin. 
In Qloueeder eounty, 1°, near Pitman Grove; 2", at Jefioaonville, a 
mile or more northeast of Mullioa Hill. Id Salem oounfy, 1°, at 
Woodstown ; 2°, a mile northeast of Woodstown, at Point Airy ; 3°, 
near Daretown ; 4°, at points near RiohmanTille ; 5°, two miles 
Bonth-^nthwest of AUoway, near the triangulation station. Burton ; 
6°, at Cohansey. In Oitmberland eounty, 1°, at several points west 
of Bridgeton ; 2°, one and one-half miles northeast of Bridgeton ; 
Z"^, a mile northeast of Millville depot ; 4°, west of the river at 
Millville; b", several points near Vineland, 

At most of the places here mentioned, the material is from the 
Pensauken formation. It is safe to say, that wherever this formation 
is present, there are good posBibilities in the way of road material. 
Hundreds of places could be located, on the basb of present geolc^cal 
knowledge, where good road gravel may be found and easily obtained. 
There are many large areas where good roads are almost noknown, 
where excellent material is close at hand, and oould be had for little 
more than the cost of the labor involved. 
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SECTION X. 

EXPLANATION OF THE GEOLOGICAL MAP OF THE 
SURFACE FORMATIONS OF THE VALLEY 
OF THE PASSAIC AND SURROUND- 
INGS—SHEET 6. 

The geological map acoompaQying this report, and covering the 
area of sheet 6 of the topographic atlas, is a preliminary map of the 
surface geol<^ of a oooaiderable section of northeastern New Jersey. 
The surface formations are those which lie at the sur&ce, wilhoat 
r^^aid to their age. They do not belong wholly to any one period of 
geolc^cal history. Some of those represented on the map belong to 
an early stage of that history, aod they appear on the map becaose 
they are not oyerlaio and concealed by other formations of later age. 

Complex as the map may seem at the first glance, a few general 
statements will suffice to make its leading featores clear. 

In the eastern and northeastern portions of the map the dominant 
color is green. This color represents the area where the surface 
formation is nnstratified drift till * deposited by glacier ice during the 
last glacial epoch. The ice advanced from the north-northeast, and 
the sonthwestem limit of the green color (dots and circles) represents 
the limit of its movement. A general map of the State, accompanying 
the Annnal Report of 1893, shows the total area of the State covered 
by ice dnring the glacial period, and reference to it will make clear 
the relations of the glaciated area of sheet 6, to the glaciated areas 
&rther east and west While all the green of the map (except the 
yellow-green lines in the southeastern comer) represents glacial drift 
of the last ice epoch, it is to be noted that a belt of green, darker than 
that^of most of the map (dots instead of circles), extends from Perth 
Amboy on the aoatheast to Rockaway on the northwest This 
darker green represents a belt of thick drift, marking the portion 
where the edge of the ice stood for a considerable period of time. 
This belt of thick drift is the terminal moraine t of the last ice epodi. 

■See Annual Reports of the State Oeolog^t for 1891, page) 66-71, and 1892, 

fSee Annual Reports of Ihe State Qeologist for 1891, pages 81-6; 1892, pages S9, 
and 78-3 ; and 1893, fng^ I24-1C1. 
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It does not represent the oatermoat limit vhich the ioe ever reached^ 
bat it marks tli« poaition where the terminus of the ioe Isy for a 
period BnfSdently long to accnmiilate a very considerable thickness of 
drift. Oateide the terminal moraine, that is, to the west of it, there 
are a few small areas of gladal drift, alao represented by green, which 
are believed to have been deposited by the ioe of the last glada) 
epodi, which, at some stage in its history, adranoed a little beyond 
the position of the moraine. 

A special phase of the till is differentiated from the main body^ 
and designated dramlins.* Dmmlins are not nomeroas. 8aA as 
exist within the area covered by this map are to be fonnd north and 
northeast of Newark. The legend indicates the manner in which 
they are represented. 

Associated with the gieen color on the map, there are many areas 
of yellow. These lie partly on one side of the moraine and partly 
on the other. They represent the stratified drift deposits made by 
the watoTB reanlting from the melting of the ioe. When the edge of 
the glacier oooapied the position of the moraine, the waters prodnced 
by its melting, and flowing from it, carried sand and gravel far 
beyond. This is especially notable in the area extending from Plain- 
field to Boand Brook and beyond, and in the area soath of Morris- 
town, where L^ke Passaic lay when the ioe edge stood at the moraine. 

As the ice melted back to the northeast, the waters arising from it» 
wastage deposited more or less sand and gravel along the lines of 
drainage, thns giving rise to stratified drift northeast of the moraine, 
and represented on the map by the yellow-colored areas in that 
position. 

The stratified drift assnmed different forms in different positions. 
Outside the moraine it was sometimes deposited in the form of plains 
(overwash plainB],t as from Plainfield to Metachen, and sometimes in 
the form of narrow belts along valleys (valley trains).;!: Within the 
area covered by the ice, it sometimes assumed the form of hillocks 
(kamee),§ especially where the water issned from beneath the ice. 

* Bee Annual Bepoit of the State G^aologut for 1801, p«gei 71-5. 

t See Annual BeporU of the SlaU Geologist for 1891, pages 96-9 ; and 1892, pages 
43-1 aad 96-102. 

X See Annual Reports of the State Geologist for 1891, pages 9fl-S ; and 1892, pages 
40-1 and 102-4. 

J See Annual ReporU of the Stale Qeologist for 1891 , pages 92-5 ; and 1893, pages 
42, 84, a »«. 
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The kamea are represented on the map as distinct from other phases 
of stratified drift, as shown in the legend, but it is saffioient here to 
emphasize the fact that all the areas colored yellow are covered hy 
stratified drift deposited daring the last glacial epoch. Within the 
moraine the stratified drift deposited by glacial waters often overlies 
and ooDoeals the drift which was deposited by the ice itself, at a 
slightly earlier time. 

To the stratified drift of the last ice epoch belong also the few 
eekers* represented by the narrow belts of red dots, such as that rnn- 
ning from Afton to Hanover, The eekers are in all oases narrow 
ridges. Their origin has been elsewhere disctuieed. 

The special significanoe of the terms used to designate the several 
phases of drift may be asoertained by referring to the recent annual 
reports. The volnmea and pages where the terms are defined are 
given in the accompanying foot-notes. 

It is to be remembered, then, that the green dots and circles repre- 
sent the deposits made by the glacier ice of the last ice epoch, and 
that the yellow dots and circles, and the small red dots arranged in 
narrow belts (eskers), represent the deposits made by glacial drainage 
daring the same epoch. With this in mind, it is to be noted that in 
the sonthwestem portion of the area covered by the map, the colors 
are such as to throw this part into sharp contrast with the area 
covered by the gladal drift. Barring the yellow, which has already 
been explained as belonging to the drift, there are three principal 
formations represented in the sonthweetern part of the map, marked 
by the brown dashes, the blae lines and the red checks respectively. 
There are also two enbordinate devices, viz , the orange dots, especially 
in the western and soathwestern portions of the map, and the red 
circles in the soothem and sontheastem part. All areas marked by 
these devices were beyond the reach of the ice of the last glacial epoch. 

The brown dashes, covering the area west of Morristown, repre- 
sent the schist and gneiss formaUon of the crystalline highlands, 
where the same is not concealed by later formations. The schist and 
gneiss aoderlie some of the glacial drift in the northern part of the 
area covered by the map. Within the area marked by the brown 
dashes, the snr&ee soil and snbeoil were prodnced chiefly by the 
deeompoettion of the onderlying rock. While the schist and gneiss 

•S« Annual Keporta of the State Geologist for 189], pages 89-S2; and 1892, 
pages 41-2 »nd 79-33. 
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are very old, the soil and aabaoil which covers them, and which was 
produced by their decay, may be relatively yoang, ao iar as its present 
condition ia concerned. 

The red checks represent the trap ridges known as First, Second and 
Third mountains, or collectively as the Watchong monntains, together 
with some minor areas of the same sort of rock. It is to be noted, 
however, that the red-checked areas represent only the Boothwestem 
ends of the mountains named. The northeasterly continuations of the 
same ridgee were covered by the ice of the last glacial epoch, and the ' 
trap rock is there generally concealed by the deposits which the ice 
made. Nevertheless, the body of drift on the northeastern portions 
of these monntains is not great, and in many places the trap rock is 
but thinly covered. Locally, indeed, it is nearly bare. The attempt 
has been made to represent the &ct that the covering of drift is often 
very thin, by letting the red checks, representing the trap, and the 
green circles, representing the till, appear bother. This is shown at 
Livingston, at various points near Little Falls and Paterson, and in ' 
the vicinity of Whitehall. Where glacial drift completely conceals 
the trap rock, it is largely made of material derived from the ridges 
themselves. 

The areas marked by blue lines represent the shale and sandstone 
of Triassio age — the Newark formation — where the same is not 
covered by any younger deposit. Like the schist and the trap, this 
formatioa underlies much of the drift. A map showing the surface 
geology, however, represents it only where it lies at the surface, 
unconcealed. Where the Triassic shale and sandstone formation is 
covered by glacial drift, the latter is composed very largely of 
material derived from the former. 

The orange dots, such as appear sonth of Bockaway, about Mend- 
ham, and at Tsrioas points between Bemardsville and Somerville, 
represent glacial drift which is believed to be much older than that of 
the areas colored green. This is the drift which has been referred to 
in preceding reports as extra- morainic* Its occurrence in patches 
only, is believed to be dne to the fact that much which was originally 
deposited has been removed by erosion. The scattering dots of this 
color on the crystalline schist area represent scattering bowlders of 
drifL 

The red cuttles in the southern and southeastern portion of the 

■See AdhqiiI BeporUof the State Oeobgiat for 1891, pages 102-8; 1892, pages 
60-72; and 1893, pages 78-123 
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map represent aieas where some phase of the "yellow gravel" aeriee* 
is foond. All formations of this aeries, &om the PenBaaken on, 
are r^resented. Where the oircles are scattered over the area of 
Triasfflo shale, they represent a tbin covering of the gravel, too thin 
to conceal the shale beneath. The yellow gravels were deposited 
dtuiDg submergence of the areas where they oconr. The isolated 
remnants near Hillsboroagfa, Clyde, etc, show that mnch erosion has 
taken place ^oe the depoeitioa of the Pensaoben. The Pensauken 
-formation is shown at the pit at Bonhamtown, It is the oldest of 
the yellow gravel formations of the area covered by the map, and is 
osnally covered by a thin layer of the Jamesburg, the next snoceed- 
ing formation. The red dots covering the low lands aboat Baritan 
bay are of relatively recent origin, and correspond with the fourth 
stage of the yellow gravels, as set forth in the Annual Report for 
1893 (p. 68). 

The yellow-green lines which appear at a few points in the south- 
eastern comer of the map, represent areas where the Cretaceous 
formation is not covered, or where it is bat Ul-conoeated. Many of 
these areas are large day pits, where the Cretaceous has been artifi- 
«ially exposed. 

Wherever two or more colors or devices occur together on the same 
area, their association means that the two formations represented 
by the devices separately, occur t<^ther, so far as the surface is con- 
cerned. Thus in the southwestern part of the map, at the bases of 
the trap ridges, there is a commingling of the red checks, repreeenting 
trap, and the blue lines, representing shale. This means that trap 
talus has descended the slopes of the ridges, and is mixed with the 
residual material arising from the decay of the shale or sandstone. 

The alluvial plains along the streams are designated by a'separate 
color, as shown in the legend, as also are swamps and marshes, and 
areas covered by wind-blown sand. When the latter is thin, as in 
the vicinity of Millstone, the dots representing the eolian sand are 
associated with the devices representing the next underlying formation, 
which, in this case, is red shale. 

The heavy brown lines in the central part of the map represent the 
outlines of Lake Paesaicf Within that part of the basin which lies 

•See Annual Keport of the State Geologist for 1893, pagea 68-72; also the 
mcUddb of this report od the Fensaaken, the Jamesburg and tbe post-Jamesburg 
formatiotu. 

tA map ot Lake Pasaaic accompanies the Annual Report for 1893. For discussion 
«f the lake, see Anntial Reports for 1892, pages 126-144 ; and 1893 pages 226-328. 
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oatside (west of) Uie moraine, there are occftsionial small green circles, 
which represent bowlders, or small patohee of drift, which are believed 
to have been carried to their present position by icebergs which floated 
oat on tiie lake daring the laat glacial epoch. 

It sbonld be noted that the base on which the geology ia reprseented 
is a topographic map. The contour lines are somewhat obscured by 
the odors, but in most areas &ej can be made out with little diffionlty. 
Attentive study will bring out many interesting relations Isetween 
the topogtaphf and the geology of the region. 



ESPI.AJIATieN or PLATES. 

Ptate i. 
Figure 1. — Profile of the gravel deposits and of the stream in the Flat broob valley. 
Line ab td represents the aggradation level of the fcame terraces to the recessional 
moraine (d) above Lajton. Tbe line e f represents the aggradation level from the 
La;tOD morune to the moraiae {/) near Montague. The line g A representa the ' 
aggradation level above the latter moraine. The gravel does not at all points reach 
the lines which here represent the aggt«datioD leve'g, as the kame (emtces are not 
contiDnoofi. The line h t shows the presait slope of the Flat brook. 

Figore 2 — Profile of the gravel depomts and sireama in the f ub-valley extending 
from Colombia to Decberlowa {Paulina kill). The line a b-h shows the aggradation 
level of the terraces, kame lerraces, and kames from Colombia to the recessionat 
moraine near Balesville. The terraces do not at all points reach this height. The; 
are at lower levels or wanting in nan; localities. The more notable inlerruptiona 
are indicated between b and e, between d and e, and between /and g. At i the Bales- 
ville moraine crosses the vallej. Line k I shows the slope of the low gravel terrace 
along the Panlins kill and its tribntar; from near the moraine to Branchville. The 
line li m shows the rise of this terrace in the main valley to tbe moraine northeast of 
AnguBta. The line k n lepresenls the gravel terrace along the Paulins kill as far as 
Lafayette. The line o p shows the aggradation level ia the valley northeast of Frank- 
ford Plains ; q r showa the aggradation level of kamea in the Papakating valle}' north- 
east of Roy's Station. The broken line p r ia the eitensioD of the aggradation level 
op to the high terraces at the mouth of the Little Papakating; it shows the gradient 
of the Paulins kill from the Delaware to La&yette. The linejnst below and paralli' 
Ui kl shows the gradient of the Branchville tributary t> the Paulins kill. The line 
tJic shows the gradient of the Papakating creek from the divide northeast of Angustai 
to near Deckertown. 

Figure 3. — Profiles of gravel deposits and present streams along the su)>-valley 
from the moraine at Danville (Fequeat), through Germany Flats to Van Sickles, 
northeast of Deckertown, Line abed showa the aggradation level of the stratified 
deposilB from the moraine to a point above Huntsville. The line e f shows the-f 
aggradation level from Brighton to the moraine (/) north of Oermany Flats. Th» 
dotted line n o shows the poorly-defined aggradation level of the Hamburg-Derker- 
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(owQ karae-belt, the short Ibea below Bhoving the heights of the prindpaJ kamee. 
The dotted lioe p q shows the aggradation level of the kame-belt northeast of the 
Deckertowo delta plain, the full line just below it Bhoving the surface of theksmes. 
g h shows the gradient of the Pequest river from the moraine to Hnntsville ; h i the 
gradient of the trihutarj along which this profile is taken. The lines j k show the 
gradient of the Email atreams draining part of German; Flats, aod the line I m the 
gradient of the present drmaage through White lake and the Wallkill, as far as 
Franklin Famace. 

Figure 4.— Bepresenis in profile the relation of (he stratified drift along the vallej 
of the Bamapo. a 6 represenle the gravel aggradation level from Pompton to Oak- 
laud. Betceen these point deposition seems lo have been conlinuoua and uninter- 
rupted. From 6 to e stagnant ice forms are developed with a nearly constant upper 
ievel. « / represents a deka-like bod; of drift, g h represents a stretch of gravel 
deposited while the ice edge stood at h i. i j represents another section of valley- 
filling, the deposits being made wlien the edge of the ice stood at some undetermined 
point north of the Stale line. 

It ia not to be understood that the gravel reaches the level indicated by these 
profiles at every point. The profiles are intended to eipress general relations only. 

PJcUt S. 

This plate shows the general direction of ice movement in the last glacial epoch, 
as recorded^by the striK. The directiona are necessarily gtoeralized, and the local 
deflections due to the more prominent topographic features are not adequately repre- 
sented. The arrows are in the positions of recorded strije, though they represent 
but a small proportion of those which have actually been observed. The heavy line 
represents the approximate position of the moraine. 

PhU S. 
Figure 1. — Is a section from a point on the Millstone river, above OriggatowD, to 
Pine hill (a mile northeast of Perrineville) and beyond. It is essentiaUy in the 
4lirection of the dip of the strata involved. It shows the disposition of the post- 
Cretaceous formations and their relations both to the older formations and lo each 
-other. The section eepecially shows the great amount of erosion which took place 
after (he deposition of the Beacon Hill formation before the Peosauken was laid 
down. It likewise shows the relation of the Pensauken to (he Jameabnrg, as well as 
the amount of erosion which intervened between (hem. 

Figure 2. — Is a cross ECClion from A nicy's Mount lo Pine hill approximately in 
the direction of the strike of the several formations. The relation of the Beacon 
Hill, Pensauken and Jamesburg formations to each other and to the older formations 
are shown. 

Figure 3. — Is a section from Rancocas creek to Crosswick's creek, approximately 
along the line between the villages of the same names. The section illustiatee 
eepecially the peneplain character of the Cretaceous surface on which the Pensauken 
formation was deposited, and by inference, the great amomil of erosion which fol- 
lowed the deposition of the Beacon Hill formation before (be deposition of the 
Pensauken. 
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ARTESIAN WELLS IN SOUTHERN 
NEW JERSEY. 



BY LEWIS WOOLMAN. 



INTRODUCTION. 

Commendng with and indading the year 1889, (he writer has 
-contributed to each suocesBive annual report papers concerning the 
development of artesian wells in sonthem New Jersey, and showing 
the persistent extension, one beneath the other, of varions water- 
bearing horizons. The facts thus presented have atmndantly demon- 
strated that water may with certainty be obtained by artesian borings 
at any locality within this portion of the State. While there have 
been a few failures, and in fact very few in comparison with the 
entire namber of snoh wells pat down, the writer is oonvinoed that in 
nearly every case snoh failure has been due, not to absence of water- 
bearing strata, bnt to other causes, such as the passing and shutting 
off of the water-prodncing horizons, the collapsing of the casing or 
some other mechanical mishap, while in some cases disconragement 
has caoEed the discontinuance and abandonment of the work just 
before reaching the water- yielding sands. 

The various welts are comprised in three groups : 

1. Those associated with Miocene strata — these ore necessarily 
located upon the ooean side of the State, but may cover a wide belt, 
which reaches inland along the railways from Atlantic City as far as 
the neighborhood of Winslow, if not farther. 

2. Those associated with Cretaceous strata — these are located along 
a belt fifteen to twenty miles wide, bordering the Delaware river, and 
also bordering on the east a line extendiog from Trenton to Wood- 
bridge, IS. 3. Wells so located cannot possibly draw from Miocene 

(168) 
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horizona because Miocene deposita are mostly entirely absent from 
this belt, while on the oontraiy wells within the Miooene r^ion may 
be continned entirely throagh aaoh Miooene deposits and reach water- 
beariDg sands within the anderlying Cietaccona. 

3. For convenience we clBaeify under a third division wdla in 
strata, both newer and older than those in which the wells of the two 
pre vionsty- defined groups are bored. 

The wells in the newer strata dnm from the Pleistocene or -other 
Qaatemary sands and gravels that rest nearly horizintally upon the 
beveled edges of the more steeply-dipping Miocene and Cretaoeons 
beds, while those in the older strata obtain their supply uther from 
the Triaseio rocks or from the much older crystalline rocka. 

The Pleistocene beds being mainly snperficial, welb therein may 
be found located anywhere in the area under consideration. The 
wells, however, now reported in the older solidified rock deposits are 
aitnated either on the western margin of the Cretaoeons belt, or a 
short distance beyond its border. 

It may be here stated that no mention is made in the above classi- 
fication of the Eocene, which oertainly exists between the Miocene 
and the Cretaceous in this State, but we have no artesian well to 
report at this time that draws from beds of this age. 

Wells belonging to the first and second classes, if, located apoo 
ground not more than ten feet or thereaboata above sea-level, will 
generally overflow, or if situated upon higher ground, the water will 
rise to ten feet or more above tide. In some cases, however, the rise 
is oonsiderably more, as in the r^on aboat Marlton, where it averages 
at least fifty feet above sea-level, 

The details of wells published at this time emphasize the persistent 
extension of three of the most important water horizons of soutliem 
New Jersey, viz., one in Miocene strata some distance beneath the 
great 300 to 400-foot diatomaceons clay bed, and having a thickness 
of about sixty feet, one in Cretaoeons atrata, beneath tbe Middle 
Marl bed, from which it ia separated by a crust, only a few feet thick, 
which contains belemnites and shells of the Gryphea, an extinct oys- 
ter. This horizon has a thickness, at least in Salem county, of 
about eighty feet, and has probably a similar thickness in Cumber- 
land county. The other horizon is at the base of the Cretaceous dft- 
posita, and, in fact, at the base of the entire series of the coastal plain 
sediments in New Jersey. It consists of a very coarse quartzose 
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gravel, often oontainiag lai^ oobblee. The thickneaB of this deposit 
has not yet been determined, bnt it holds an abnndance of water. 

It ghonld be here stated that previoas annual reports have demon- 
strated the oconrrenoe of another valoable arteiian horizon interme- 
diate between the last two horizons named, viz., at the base of the- 
Lower Marl bed. This horizon soppHes wells at Freehold, Eed 
Bank and Humson'a Neck, and also a nomber of wells at A^boiy 
Park and Ooean Grove.* 

There are, therefore, four marked water horizons beneath sontherik 
New Jersey, each of which is capable of iiimishing a large qnantitj 
of water. 

There has also been noted by the aathor in the Annual Report for 
1892 five other water horizons higher than the fonr above named. 
These five horizons are either interbedded in or are closely aesod- 
ated with the Miocene diatom clay bed. Most of these higher hori- 
zons farniah bnt little water, as compared with the four lower ones- 
defined above. The two lowest of these apper horizons will probably 
answer, and do now in some oaees answer, the reqnirementa for water- 
SDpply beneath the beaches where the amount needed is not large, 
while inland all of the five may poeaibly be alilized for a moderate- 
snpply. In fact, inland there are reasons why some of these horizons- 
may be expected to yield a greater, and perhaps a considerably greater, 
amonnt of water. 

The following shows in order the stratigraphies] position of each 
of the minor and the principal water horizons : 

MINOS WATBS HOKIZONS. 

No. 1. In Baade about 75 feet above the great diatom bed 

2. Id saadB immediate); beneath the top of the great dial 



3. In sands near the middle of the great diatom bed 

4. In sands near the base of tbe great diatom bed. 

5. In sands immediatelj below tbe great diatom bed 

GBBATEB OR PRIHCIFAI. WATER HORIZONS. 

No. 6. In a 60-foot Band bed aboat 100 feet beneath the great diaiom 
bed , 

7. In an 80-foot sand bed beneath tbe Middle Marl 

8. In a sand beneath the Loner Marl 

9. In a heavy gravel at or beneath the base of the Plastic 

ClajB 

'Many dug wells in eaatem Moamonth connty also get escellant n 

sand bed. 
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For more iDformatioD rcepeoting the first five horizons, the especi- 
ally-intereated reader is referred to the report for 1892, pages 298 to 
SOI. 

We now present, in the order above named, details respecting the 
wells belonging to each of the three groups ander the following 
headings: 

Artesian wells in Miocene strata. 

Arte^an wells in Cretaoeons strata. 

Supplement to report bn artesian wells. 

Under the ]atter title, besides the wells belonging to the third 
groap, there are also incladed reports upon a few wells in and near 
New York City and Brooklyn and tt, one locality in Conneoticat. 
These are published, becanse being contiguous to the State of New 
Jersey, they have in consequence a bearing apon its geology, both 
«oononuo and otheiwise. 

A few of the wells herdn noticed were sunk previoas to the year 
oovered by this report, but the records are introduced eitlier because 
fluoh records have not previously been printed, or, if so, there are 
recently- ascertained facts to publish. 

ARTESIAN WELLS IN MIOCENE STRATA. 

Numerous wells in Miocene strata have been published in past 
annual reports. We have, however, to notice in this report bat four 
wells in beds of that age — these ' are located at Cape May Point, 
Wildwood and Atlantic City, N. J., and at Crisfield, Md. An 
account of the well at the last-named locality is introduced beoanse its 
record is essential to the revelation of geological structure in New 
Jersey. The well at Cape May Point was noticed some years ^o in 
these reports, and is now i^ain referred to because of some new facts. 
The well at Wildwood presents the most important section that has 
been revealed by boring since the completion of the deepest of the 
wells put down at Atlantic City (1,398 feet), and reported in the year 
1889. For this reason, this well at Wildwood is noticed at considerable 
length and with much minuteneee of detail, and is illustrated with a 
«arefaUy-prepared and accurate vertical section and a plate of certain 
microscopic fossils found in the borings. There is also introduced a 
skeleton vertical section, showing the relation and correspondence of 
the beds here p^sed through, with those penetrated at Atlantic City. 
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For oomparisoD, there is also m£«rted a similar section of the well at 
Crisfield, Md., ehowing, likewise, oonsiderable oorrespondeDoe. In 
fact, the borings at Crisfield (1,140 feet), at Wildwood (1,244 feet> 
aod at Atlantic Citj (1,398 feet), present important and fypioal aeo- 
tions of the Miocene strata of the Atlantic coastal plain. 

The well herein reported at Atlantic Cify is the tenth saooessfnt 
artesian well that has been snok at that leBort."* 



AitTSBIAN WELL A.T CAPE HA.7 POINT. 

An nnsaoceBafnl boring to the depth of 456 feet was made at Cape 
Maj Point, and reoorded hj Piof. G. H. Cook in the annual report 
for 1SS6, page 140. It is now again noticed becanae of geological 
facts that have been recently learned lespeding it. This well was 
visited by. the writer a year or two after it was pnt down and before 
the drillings therefrom had been cleared away. On turning over the 
damp a considerable namber of fossil shells were obtained. 

The well was sank by the use of the drill and sand pnmp — a 
method which famishes specnmens of the strata anmixed and more 
nearly is thmr nataral condition than either of the hydraalio 
proceseeB very often employed. 

Specimens from this well were placed at the time in the ooUeotions 
of Uie Survey, and are now preserved in the State mnseom. 

The specimens, both those in the mnsenm and those obtained on 
the spot by the writer, have recently been examined, both macro- 
scopioally and microeoopically, with the following result : 

u marked Chanujier. No(«a. 

Near the sarface...8siid idiI Bind; cla^ Fossil diatoms and sponge spicnles^ 

No. 1. Qcaj sand Ccecum and spODge spicules. 

2. Yellowish sand .Bpongespiculea and a few diatoms. 

3. Qray saod Ccecum. 

4. " " 

3S0 to 360 feet, a On.}' sand A few diatoms. 

" b " " Shells, St. Marj's fauna. 

{See Doteabetow.) 

/ " day. 

'As this goes to print, Ihe tMring of the eleventh well at this locality had just beeo 
completed, the depth being 809 feet. 
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The depths, as may be observed, were not marked on the speoi- 
eaene above 320 feet. Prof. Cook statee that " the first 270 feet were 
in beach sand, when thin beds of clay b^an to be found in the 
'Band," and that " horn 320 to 360 feet many broken shells were met 
with," No specimens of the borings below 360 feet are found in 
the mnfieam, thongh a depth of 4S6 feet was reached, as before 
stated. The shells obtained by the writer undoubtedly came from the 
horizon of 320 to 360 feet. They are as follows : 

Crepidula ap.? fragiuentB. Turrite11& plebeia Bay. 

Cardiiun gp. ? fragmentB. TuTritellii TSTiabilia Conrad. 

Veniu meicenaris Lion. *FleiiTotoma limulata Conrad. 

~*Mficlra modicella Contad, 7ontig. *Terebra inomata Wbitfield. 

Area ep. ? * Terebra simplex Conrad. 

Fecteu sp.? 'Ptjchosalpinx, probably Mullirugata 
Lucdna crenulata Conrad, Conrad. 

Uelanopsis Marylandica Conrad. * Corbula, probablj nasuta Say. 

Naasa (Tritia) Irivittata Say. •Ccecnm glabrnm Mont, 
^Solen fragmenl. Trocbita sp. ? 

Eulima sp, ? Barnacles = Balanos. 

The specimens marked with an astMisk (*) were identified by Dr. 
"W. n, Dall, who states that " the horizon of nearly all these species 
is that of St. Mary's county, Maryland, of the Chtsapeake Miocene." 

In the identification of the remaining forms the assistance of Prof. 
Angelo Heilprin was had. 

By far the most nnmwons of all the molluscs was the MelanopeiB 
of a species which is especially characteristic of the St, Mary's bed. 
This same specific form of Melanopsis has been f^dn discovered the 
present year at a litUe greater depth in a well put down at Wildwood 
-on Five-Mile Beach. See p^e 173. 

A workman was teoently seen who assisted in boring the first 270 
feet of this well, and who says that, at that depth, they were in a white, 
marly clay, with green lumps in it; that mud was found at the 
-depth of twelve feet, salt water at thirty-five feet and wood at 126 
feet. The depth of 270 ket probably marks the top of the Miocene. 

From the sands and clays aroand the month of the well there 
were extracted a considerable number of diatoms. 
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ABTGBIAN WELL AT WILDWOOD, K. J. 

Its Qeolagy and Ptdeontolog;. 

Coarse gravel at 215 feet and at 809 feet, 

Four diatomaceouB da; beds. 

Three Miooeoe fossil molloecan homona. 

Eai boaes of fishes (Otolilhs). 

Diatoms, sponge spicules, foraminifera, coccolitbs and coral. 

Eocene (?) Greensand Bed 1,104 to 1,245 feet. 

Ten thin bands of rock strata. 

Eleyation of surface 8 " 

Fresh water flowing 7 feet above the surface at 887 " 

Salt water flowing above the surface at 1,085 " 

Total depth attained by boring 1,244 " 

In the anuDal report for laat year (1893), pages 399 to 401, 
appeared a notice of a well at Wildwood, on Holly Beach, aboat 
seven tnilea north of Cape May. That well reached a depth of 215 
feet, bat as water of aatisfaotorj quality waa not fonnd another well 
was drilled the present year, the work being contracted for by Uriah 
White, whose anperintendent in charge of the work, and by his 
instractioDS, ooorteously famished a fall series of specimens of the 
various sands, graveb, clays and marls penetrated, together with 
complete notes reepeoting the same. The boring reached a total 
depth of 1,244 feet. 

A strong overflow of water oocttrred at the depth of 1,185 feet, 
which, however, was quite salty; for this reason the well was finally 
finished with a depth of bat 931 feet, drawing a sapply of fresh water 
£rom a sand bed about forty feet in thickness next below the depth of 
887 feet. The water flows over the surface, and will rise above it seven 
feet. The elevation of the ground is aboat eight feet above tide. 

The well was oased with an 8-inob iron pipe to ninety-eight feet, 
and then with a 6-inch pipe to 519 feet. A 4|-inch pipe was then 
introdaced and continued to 793 feet, after which a 3-incb pipe was 
sank to tlie depth of 1,004 feet. The boring was prospected beyond 
this without being cased. 

We here insert a oolamnar section drawn to scale. On the left is 
a detailed record and description of strata, io which the minutest beds 
are shown. On the right these strata are grouped into larger 
divisions, having certain broad characteristics, the fossiliferous and 
other geol(^;ical features of which are noted. 

The salient facts learned from a careful study of the preceding 
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eection, and an ezamination of the boringa both with the microecope 
and with the nnaided eye, are the oocarrence of two rather coarse 
gravel horizons just at or below the depths of 215 and 309 feet, four 
beds of diatomaceous clays, three noticeable horizons eontuning 
Miocene fosails, maioly moUoacan, and a bed of green sand, prob- 
ably £oceQe in age, beginniog at the depth of 1,104 feet, and con- 
tinuing to the base of the boring. 

Both the diat(HQ8 and the mollascs throw light npon the agee of 
the strata penetrated. The diatomaoeons beds will be first oonudered, 
after which the facts respecting the gravel horizons, the moUnBoan 
strata and the grcensand bed will be noted, inolnding also lists of 
fossils, both tnicroeoopic and otherwise. 



DIA.T0MACB01TB CLA.Y BEDS. 

The first or nppermost diatomaoeooa bed is seventeen feet thick,. 
and ocean betwera the deptiu of twenty-nine and forty-six feet. 
The diatoms in this bed are exclusively marine. 

The second diatomaoeons bed is about 100 feet thick, and ia foand 
between the depths of 78 and 181 feet. The peculiarity of this bed 
ia that both marine and Cre^-water diatoms are intermingled therein, 
the fresh-water forms presenting an annsnally large number of species 
and preponderating in individual numbers over the marine. 

The third bed is over 400 feet thick, and occninee the interval 
between the depths of 370 and 793 feet. The diatoms are ezclnsivel7 
marine. 

The foortb diatom bed is probably not over twenty feet thick^ 
and occnts between the depths of 1,040 and 1,060 feet. 

These four beds will now be eeparately treated, and the features 
peonliar to each pointed out m detail, commencing with the upper- 
most. 

Diatom bed No. 1. — The uppermost bed extends from the depth of 
twenty-nine feet to that of forty-six feet, and represents geologically 
a very recent marine mud or clay. This bed seems, so far as onr 
present knowledge indicates, to underlie that portion of the ocean 
border of the State that has a low altitnde, one whicdi does not exceed 
about forty-five feet above tide. It is found at tide-level, or a few 
feet below at Abeecon, Belmar and Long Branch, Inland it gradu- 
ally rises above sea-level, and is so found at Mays Landing, Bridgeton 
and Bucksbutem, below Millville, 



;vGoo»^lc 



J 



THE STATE GEOLOGIST. 161 

Elsewhere beat alb the beaches it has been fonad in the boringa 
from Ocean City, Longport, Atlantic City and Beach Haven, at 
depths varying according to locality from forty to seventy feet It 
is generally overlain by coarse gravels, whioh frequently contain 
foBsiliferous pebbles.* 

The estimated dip of this bed as made by the aathot from data in 
bis hands is about six feet per mile. 

This bed can be re«^iuzed wherever found by the speoial assem- 
blage of diatoms whioh it contains, and which collectively differ from 
those associated t/^ther in either of the underlying beds. One 
specific form TricereUima favut (see Plate YI.), and whioh also ooenrs 
in the second or next lower bed, may be considered not only as charao- 
teristic of theee beds, bat also as indicative of their recent age, since 
this diatom is found in the bed now onder consideration at eaoh of 
the localities above named, while it does not occur in the two lowest 
beds (the third and fourth at this place), nor elsewhere in the Miocene 
diatomaceous deposits of the Atlantic coastal plain, of which these 
two lowest beds form a part. This Trioeraiium is also found living 
along the coast and in the Delaware river as far inland as Philadel- 
phia. It is also now being deposited in the marshes bordering the 
same river np to about the same latitude.! 

Diaiom bed No. iS — The second diatomaceous bed, that at 78 to 181 
feet in depth, does not exist beneath the beaches to the northward, if 
we may judge by the specimens of borings obtained from various 

*Tbeee gravels have been directlj derived from a. working over and redepoeitlug 
of the gravels occnpyiDg the higher ground to the westward. The fosails contained 
in the pebbles show that originall;, however, they were derived from Silniion and 
Devonian rocks, FoBailiferoua bed rocka of these ageii are not now known taalward 
or southward of the Kittatinnj mountain. 

f Probablj to be correlated id age with this deposit, is a bed of clay likewise con- 
taining diatoms that undeilies that portion of Philadelphia having an elevalion 
ranging from twenty-Ste to forty feet, but not biglier. At Philadelphia, however, 
the fornts are mixed, being both marine and fresh-water in species. At that time 
the Delaware bay, with its saline influence, probably extended up to the city, Ihos 
accounting for the presence of the marine diatoms, while the combined influx of the 
two great fresh-water rivers, the Delaware and the SchylkiJl, whose junction then 
most have been jost below Fairmount, favored the introdnctton of the fresh-water 
forms. This portion of Philadelphia may be de&oed as the area occupied by what is 
locally known as the old city proper, and which, at that lime, was protuibly a swampy 
meadow laud, similar in character to the marshes now in process of forming still 
fitrtker southward at and above League island, between the present juattion of the 

11 
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wflllfl or hy the recorde when no Bpeoimens were procured. It prob- 
ably exteods only locally in Cape May connty. 

This bed, like the one jnat described and which overliee it, ie 
geoI(^icaIly recent, as is evidenced by the assemblage of diatoms, 
eepedally the marine ones. 

Trieeratium favue, before named, oocars in this bed, bnt, as already 
stated, it does not occnr in the two nnderlying Miocene beds. 

The large preponderance of the fresh-water diatoms over the 
marine indicates the proximity at the time this deposit was laid down 
of a very considerable freBb-mter inflaence, such as oonld not have 
been furnished by any stream now in existence in this r^ion except 
the Delaware. This bed is probably aesodated with the delta of that 
river in a somewhat reoently-pftst geological time and before the 
present peninsula of Cape May was formed. 

A diatomist who has examined this deposit writes to the author 
(perhaps rather enthusiastioally) that besides the marine forms "it 
contains almost every known fresh-water species." One of the fresh- 
water spedfic forms is unique. It resembles a diatom heretofore 
known only &om New Zealand, and which ooonre there, living in 
fresh or slightly-brackish waters. 

The fonn in New Zealand was named ZWoeroftum irifoUaiuim by 
Cleve, and on page 401 of last year's report the form here foond was 
referred to that species. A number of diatomists consider, however, 
that the generic name is wrongly given, while C. 8. Boyer, an authority 
opon diatoms, is of the opinion that the form occnrring on this bed 
presents suffioient variation from its New Zealand relative to entitle 
it to a new specific nomenclature. He has accordingly named it 
Sydroeera ( Terpmnai f) Nova OEsartee (see Plate VI.), the New Zeal- 
and form becoming Hydrotera trifoliata.* 

* The occurrence of this Hydrotera in Ihe Wildwood borings was first obMrved by 
C. L. Peticoltts, who called the vriter'H attention to it in a letter dated September 
9th, 1S93, under the name of 3He«raCium tr^olialam. 

Id Ihe TrtmsiiclionB of the New York Academ7 of Sciences, Maj SSth. 1894, 
Heinrich EteiB notices a freah-water diatomaceoua siralum immediately benealh the 
deposits of the terminal moraine, along the northern shore of Lang Island, on 
Lloyd's Neck and near Cold Spring. Included in the list of species therefrom he 
figures a form under the name of Trieeratium trifolialum, of which he says but two 
epedmens were seen. His figure, in outline and otherwise, seems ideoiical with our 
Bydroiera except that no centrnl puDCtte are shown. 

A compariBon of our Hydrottra with the original figure of JHetnUivm tnfMitum of 
Orove and Sturtin shows considerable difference, both in outline and in the arnmge- 
ment and extent of the surface-markings or puacts. 
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Hie occnnence of aDotber species, P(dymyxua eoronaiit, in thia 
bed, is also aniqoe, since it has heretofore only beea known from the 
months of the Para and the Amazon, where it now lives direotly 
auder the equator, subject to much warmer climatal conditions than 
at present prevail in New Jersey. 

C. 8. Boyer says it is certain that this diatom does not now exist 
along the coast of the United States, and suggests the possibility of 
the prevalence of a different climate in this latitude at the time this 
bed was pat down. 

Both to the geol<^t and the diatomist this is a remarkably interest- 
ing and unique bed. 

Three cleanings of the diatoms in this bed, from the matrix con- 
taining them, have been separately made for the writer by C. L. 
Peticolas, C. 8. Beyer and John A. Schalze. All of these cleanings 
showed the two unique forms mentioned. 

C. L. Peticolas has also established as a new species another 
diatom closely allied to Swrir^a gemma under the title of "SvH- 
reUa Woolmankma." 

C. 8. Boyer has published in the Bulletin of the Torrey Botanical 
Olub the following 152 spedea from this bed, and says that eighty of 
these are exclusively fresh-water forms, and forty-seven exclusively 
marine, while twenty-five inhabit either fresh and brackish, or brack- 
ish and marine waters. 

It may be remarked, however, that the preponderance in individual 
numbers of the fresb-intter diatoms over the marine is greater than 
the above figures would indicate. 



HABIHE AND FBB9H-WATEB DIATOMS FBOH A UHIQUE BKD 
BETWEEN THE DEPTHS OF 78 AITD 181 FEET, AT WILD- 
WOOD, N. J., AS IDENTIFIED BY CHAKLES 8. BOYEB, A.M. 

Atinaniha Hvdamu Onm. Amphora oaalif {Br6b.) Kiita. var. yraciKi 

A. iiylate (Kii«.) Gran. (Ehr.) V. H. 

A. (uAseuilu Ehr. AvlawiUeiu Argnt Sbr. 

Aetinoeydue Ehrenbergii Balfe. Aid-iaeu* pniinotu* Bait. 

A. *uifilig Greg. Bidduiphia Bhamiyia Wm. Sm. 

Aetinoptyehvx helioptUa Qrun. fonna Bribanmia Botdtii (Elitz.) Qruu. 

minor. Only one Bpedmen has been Oamp}^Ueu» eehmtu Eht. 

noticed. CtTatavlttt Ictiiie Roper. 

A. undulalui Ehr. Ooeatneie ptacenlida Ehr. 

A. vuigarit Schnm. Oaseinodiicia Argut £hr. 
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C eaxntiimt Ebr. 

C.fatciadatae A. Schm. 

C. morginaUa Ehr. 

C. miTtor Ehr. 

C. nilidiUve Greg. 

C. OeuhiM-Iridii Ehr. 

C. TodiaiM Ehr. 

C mlmUt Ehr. 

Oydolella Kutiingiana Thw. 

Cfj/mbeHa offinii Ealz. 

C eiifu/a (Hempi.) Eircbn. 

(7. cuipidafa Eutz. 

a eymbi/mmii Ehr. 

C. Ehrenbergii Kiili. 

C. 3o«(roUe» Kiitz. 

C lanecoUUa (Ehr.) Kirchn. 

a tonida (Brtb.) V. H. 

£n«^n«ma uenfrieotuni Edts. 

O^ttopltura (^ithtmia) Argut (Ehc.) 
Kunze. Ad abuormftl form with flez- 
uoae oatliDe has been Doticed. 

C. gibba (Ehr.) EunM. 

C. gitAtntla (Ehr. ?) KuDse. 

O. Minealv* (EuU.) EuDse. 



C. Mutcviiui amdriela (Br6b.) V. H. 

C. Sorex (EiitK.) Kunie, 

C. Ztbra (Ebr ) EuDze. 

£unO[ia Arcus Ehr. 

£^. dioJon Ehr. 

E, impreita Ehr. 

j: major (W. 8m ) Rab. 

E. parailela Ehr. 

KpttlinaiU (Dillw.?) Bab 

E. prm-upla Ehr. 

E. robiitta Balfg. 

E. Utraodott Ehr. 

£?. trwdon Ebr. 



G. .iu^r Ehr. 

O. eapitatum Rtite. 

Q. gemiiuUum (LTUgb.) Ag. 

(?.;ra«if<Ehr. 

(?. ZamKoiiifuin Eiitz. 

Q. oUvaeaan (LjDgb.) Eti(£. 

O. turgid'am Ehr. 

0. Vibrio Ehr. 

ByoiodUeM tUUigtr BaiL 

S tubtaU Bail. 



Hvi>R03ERA (Tebfsihcb?) Nov.£-C.£eAR£.£ Bojer, n. sp.* (See Plale VI.) 



MtU/siTa grmiMlala (Ehr.) Bali's. 

Navicubx aeroipharia Bab. 

N. qffiail Ehr. 

2f. Americana Ehr. 

.V. bUapitala Lageret. 

If. Bombug (Ehr.) EtitE. 

X. BrebiKotiii Eatz. 

.K colunmarit Ehr. 

JV. O-aftro (Ehr.) EntB. 

N. Daet}/lu* Ehr. 

.y. Uoriana A. Schm. 

.y. (fecuTTCTu Eati. 

N. dittara (W. Sm.) Ealfs. 

N. eUipliat Eulz. 

jV, FUcheri A. Schm. 

JT./onmwaGr^. 

J?: gSJta Ehr. 

jy. fli(eko<*ii Ehr. 

2f. hjontrtaa hrih. 

N. IridU amphirkjptea* Ehr. 

N. EamorthentU OruD. 

y. Utiiaima Greg. 

Jf. if icuiann Grev, 



2f. Zyra'Ehi. 
N. major Eutz, 



N. 



Ehr. 



Al nieaojfpto nodosa Ehr. 

Jr. f>KikMi(!,io Ehr. 

Jf. nobUia (Ehr.) Efllz. 

JV. jKicA^I^ra Eutz. 

.K permojjiu (Bsil.) Edw. 

2f. ptrtgrina {Ehr. ?) Eiilz, 

N. plaeentaia (Ehr.) Eiitz. 

J'f. polyonea BrSb. 

N.pusiUa W. Sm. 

.y. rA(Hn£oi'({ea Ehr. 

.y. tphi^ophora Eiitz. 

J^. SniiUii Brf b. 



.y. trinodia ivflala Schnltze. 
N. viridig (Niizach) Eiilz. 
Nil2»ehia Qimpeachiana OruD. 



*BQlleiin of iheTotrey Botanical Clob, Vol. XXII., page 26!. 
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2i. eimmtuta (Bail.) Grun. B. Bhombia Ehr. 

N. granaiata Oraa. Slavroneit acuta W. Sm. 

M tdinanim Gran. S. grocilw Ehr. 

if. Kaiari» (Ehr.7) W. Sm. S. PAomtoenferon Ebr. 

S. Siffma {Kiili ), W. Sm. Surirella ang^uta Kfltit. 

If. IryblioneUa maxima Grun. S. bmriata (Ehr) Brfib, 

■Odontidinm mufaiiie tjenumum Gran. S. crudaia A, Schn». 

Ptagiagramma lesidolum Giev., rare. S. enaaeaa Bi^b. 

Pttwotigjtta tcimium (Thw.) Oraa. and CI. S. eUgani Ehr. 

P. Sdotcense SuUiv. S. Fdtigtrii Lewis. 

P. Spmetrii (Qnek,) W. Sm. S. oblonga Ebr. 

Polyrn.\/iat conmalw L W. Bail. 8, ovalie Br^b, 

PteudauHtemrtidiatut Ball. S. oralta (Hula (Eiitz.) V. E. 

J'teudmauitiafiexitota (Br^b.) Grun. S. iplmdida Ebi. 

Shaphmua amphieeroe Ehr. S. g/riatula Turp. 

JI. Bdgica Grun. & imera Greg. 

£. gtmmifera Ebr. 

ScRtRBU^ WoOLMiNiARA Peticolas, n. sp.* 

Syrudra ddieaHtnima W. Sm. T. hieattrU Kalfe. 

A iniwrtt'ew W. Sm. IKMralium aifemaiw Bail. 

Terp^nie Amerieava (Bail.) Halfe. T. /autis Ebr. 

Tetraeydui emarginatui (Ebr.) W. Sm. T. iCMlplum Shadb. 

In addition to the forma above listed, Dr. D. B. Ward cittla atten- 
tion in a letter recently received to another seen by him in thia bed, 
viz,, NavimUi Delawarenais Grnnow, which he says " is a reoently- 
dificQvered form stated by Cleve to be now living in the month of the 
Delaware river and along the Conneotiout shore." Dr. Ward also 
«ayB it occure sparingly at the latter locality, but "abundantly in a 
semi-foaeil state ia some brackish- water peat along the Hudson river 
in the vicinity of Poagbkeepsie, N. Y," 

Diatom bed No. S. — The third bed above enumerated as containing 
diatoms, is one of the moat remarkable and also most extensive 
diatomaceons beds in the world. It has been traced by means of out- 
cropa from Afibnry Park, N. J., to the Virginia-North Carolina 
border, soath of Petersburg, anderlying the entire coastal plain east 
of the line of oaterops. This is further proven by its occnrrence in 
well-borings at the following localities, viz. : 

1. ALONG THE COAST. 

At Asbury Park, N. J., between the depths of 16 feet and 91 feet. 
" Barnegat, " at " " " 120 feet. 

" Beach Haven, •' between " " " 290 feet and 543 feet. 
" Atlantic City, " " " " " 380 " 670 " 

" Ocean City, " " " " " 370 " 680 " 



Bolletln of the Torrey Bolaoical Clab, Vol. XXIT., p»ee 266. 
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3, ISLAND. 

At Wildwood, N. J., between the depths of 370 feet and 793 feet. 

" Pleasant Mills, N. J., at the depth of 46 feet.' 

" Weymouth, " " "" " " 40 " 

" May's Landing, " between " " 54 and 176 feet. 

" Port Norris, " at the " " 200 feet. 

" Clayton, Del., betveen " " " 100 feet and 150 feet 

" Cambridge, Md., " ■' " " 192 " " 335 " 

" Crisfield, " " " " " 365 " " 771 " 

Tbe ontcrope either of this bed, or of the fourth bed, as koown at 
Wildwood, occur near Asbary Park and near Shiloh, N. J,, at Br^it- 
ford, Del., and at Claiborne, Md. ; also along the ahorea of the Chesa- 
peake from Faur Haven southward ; along the Patuzent from the 
vicinitf of I^ons creek and Nottingham, Bonthward ; along the Poto- 
mac upon the north side at Pope's oieek, and npon tbe south side in 
Nomini ClifTs. It is also fonnd outcropping along all the eastward- 
flowing streams in Virginia as far southward as tbe Mefaerrin river, 
where that stream crosses from the last-named State into North 
Carolina, nearly south of Richmond and Petersburg. The bed prob- 
ably extends farther southward. Its length, so far as now known, 
ia about 300 miks, while its maximnm thickness, as shown by the 
above table, is fully 400 feet. 

At Wildwood, as noticed above, it occupies the interval between 
the depths of 370 and 793 feet. Specimens of the borings were taken 
every twenty feet or thereabouts, and carefully examined under the 
microscope. Marine diatoms were revealed in almost every instance, 
sometimes only sparingly and again very abundantly. The diatoms 
were absent where tbe strata were sands or gravels — they were less 
nnmerons in sandy clays and more numerous in fine and nearly pare 
clays. The decided molluscan horizons were generally in the coarser 
deposits. The following are the anther's notes made at the time of 
of the examination : 



370 feet to 3S9 feet. Bluish clay, a few marine diatoms, plenty of comminuted shelL 

389 " " 409 ■' " " " " 

409 " " 428 " " sand and gravel, plenty of moliuscan fossils. 

428 " " 448 " " clay, diatoms. 

448 " " 468 " '' " " and sponge spicules. 
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Bluiali daj, a few sponge spicules, no dialoms s« 



627 " " 517 '' " " very f amij, a few pponge apicules. 

65S " " S75 " Brownisli claj, diatoms and sponge spicuks. 

675 " " 694 " " " " " 

694 " " 713 '* Lighter -colored clay, diatoms and sponge spicnles. 

713 " " 720 " Brownish cla;, sand and molluscsn fossils, do diatoms. 

720 " " 732 " Dark-browD clay, a few diatoms, clay very sandy. 

732 " " 744 " " " " " " comminuted shells plenty. 

744 " "764 " Bluish clay, diatoms, shells plenly at 750 feet 

764 " •' 784 " " " " 

784 " " 793 " " " 

Separate clcaniogs of the diatoms from this division were made for 
the writer by C. L. Petioolas from specimens covering each of the 
following intervals : 370 to 448 feet, 628 to 635 feet, 732 to 744 
feet, and 744 to 793 feet. Time and circumstanceB have not per- 
mitted the listing of the apeciea fonnd in these cleaniDgs, but nearly 
if not quite all the characteristic and other associated form^ that have 
been found in the same bed at Atlantic City have been seen here. 

The speci&c forme obtained at Atlantic City have been identified 
by C. Henry Kain and E. A. Schultze, The list, which includea a 
number of new species, was first published by them in the Bulletin of 
the Torrey Botanical Club,* the new species being also figured therein. 
This list, slightly revised, was afterward printed as part of another 
paper by the present writer in the proceedings of the Academy of 
Natural Sciences of Philadelphia, f This list is introduced below as 
rendering this paper more complete : 

The forms from the richest portions at Atlantic City at the depths 
of 400, 526 and 625 feet, were most carefally observed nnder the 
microscope and identified. 

There are determined 149 species, which are distribnied among 49 
genera. There will probably, however, be a few forms yet to add. 
Forms marked lare are of rare occurrence in the well and not 
neoeesarily so elsewhere. 

*Vol. XVI., pp. 71 to 76, and pp. 207 to 210; PUUs LXXXIX., XCII., and 
XCIII. 

t Proceedings 1890, pages 136 to 140. 
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DIATOMS FHQM THE GREAT 400-POOT MABINE MIOCENB DIATOMA- 
CEOne BED OP THE ATLANTIC COABTAL PLAIN, AS IDENTIFIED 
BY C HENKY KAIS IN B0BING9 FBOM ATLAHTIC CITY, S, J. 



, Edn & 



Aelinoftyeliij Ehrenbergii Rails. 

Atlinoeydv^ sublilk (Gcev.) Ealfs. 

^cfinocyciustntfTpunrfalus Bright. Rare. 

AellnMyduB Ral/aii W. S 

jlttittDducu^ Alltadiinis, 
Schultie. 

Aetinoplyehas aredaiua Ehr. 

Actinoptj/ehtis OrumUeri A. S. 

Aclin^i/ekus »)^endeas (Ehr.) GrDD. 

Actimph/chug ■a-.idviatui Ehr., var. Soli- 
onyx Grun. Several varietiei. 

Aelinoplychta vu^ris Schumim, var. 
Virginiea Gran. Several varieties 

Amphitelnis minuta Grev. Rare. 

Anaalm biroilrattt» Qrua, Very rare. 

AlUrolampra Marylandica Ehr. 

Atdaeodisna Crux Ehr. Two varieties. 

AAdacoiiacw Peteriii Ehr. 

A^dacodiieus SoUiliianus Norman. 

Aulisms CabaUi A. S. 

AvlUeut ealaltui Bailej. 

Avliteai pruiiMnis Bai\ej. 

AiUiteun {Olyphodwcvef) spinoms Chria- 

Biddalpbia aurita (LyDgb.) Breb. 
Btddulphia cdterTtaru Christian. 
BiddidpMa Baitfyi W. Sm 
Biddviphia Briltoitiaria, rx. gp., Eain & 

Schultae. 
Bidduipkia Coolciano, n. sp., Rain & 

Bchultze. 
Biddulphia Woobnaiii, n. ap., Eain & 

Schultze. 
Biddulphia decipieni Grun. Rare. 
Biddvlphia eleganlvla Grev. 
BiddidphiapidcheHaGraj. Rare. 
Biddtdphia rhombm (Ehr.) W. Sm. 
Biddvlphia wticMiosa Grun. 
Biddvlphia IWmeyi BaJlej. 
Biddu'phia targida {Ehr.) W. Sm. 
Biddvlphia longitpina Grun. 
Biddvlphia Weistjiogii Givo, 
jCeratavlvi {Caii/i>mictisf var.), n. ap., 

Eain & Schullze. 



Cbstonema laTiceolatum Ehr. Rare. 
OwcinoJiaoiw Argm Ehr. 
Goieinodi^iia Atleromphalat Ehr. 
Ooicinodiae\ia eaiteavus Ehr, 
Goieiiuidixaa eteenlricM Ehr. 
CatcinoditMs dongfOaa Grun. 
Cotcinodiscin exiavatvs Grev. Several 



Oxcinoductu gigaa Ehr. 
CoKinodiscus itoporvs Ehr. 
Caaeinodiseus Laoitiantui Grev. R 
(hieinodiKot liTieaiia Ehr. 
(hieinodiKua Noltittghamenais 

Ooieinodlaeve Oeulve Iridis Ehr. 
CiiMin Oleums per/orala^ Ehr. 
Cbinno'iiMtu radtalua Ehr. 
CWeinodi'acus cAoni&ieus Caatracaae. 
GjectnorfieeiM rotiii(u» Grev. 
OiseiiWiecM senorius A. 8. 
Oweinorfjwus 8#mm«(rtei« Grev. 
Oetlodiwus ovalit Grev. 
Cilrtodi'sous rAmifiicui Grev. 
OhffioeerOB (didymusT Ehr.) 
Ciuiipt^Oflucus i»<dn(idi<ciM Ehi 
Crogpedodiieu4 coaeinodiicui, ' 









(, Gni 



:. o&tusa, 



1 opercuJala Eiilz. 
Cifmalopieura eoUa W. Sm. 
Bieladia aipTeolm Ehr. 
Di»eopifa phyutplea Ehr. 
Dimertgranaita Nova Or^arei 

Eain & Schultze. 
iJmerejrammo A'otJa Geaarea v 

n. var., Eain & Schullze. 
Dimtregramma/idvum (Greg) Balfs. 
EpUhemia Qibba (Ehr.) Eiiiz. Rare. 
JiihmodiieiD t ep. ? Castracane. 
EMampia Virginiea Grun. Rare. 
Eanotia monodon Ehr. Two varieties. 
Ennoiia robusta (Ehr.) Ralfs. Several 



Eain & 
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Eupodi»ciit Argus Ehr. 

Evpodigaia Tadiataa Bailey. 

Evpodiieai RogersU Ehr. Varieties 

vitb 3, 4 and 6 processes , 
Evjiodi$ctii ap. ? 
^'ontolAwium obtatam Ehr. 
^hniothteivm odo"ieltaEhT. 
Goniotheciwn Bogersii Ehr. 
^ammatopkoTa eerpentina Ehr. var. 

Bare. 
Semiaului ajiais Grun. 
Zfi!nttaufuj bipoitt (Ehr.) Oran. 
Bemiauiua patycialinorum Ehr. 
Hultonia Eekhardlii Grun. var. 
Syaloduaiii laiiit Ehr. 
Hyakiitetie SleUiger Bailey. (Podoiira 

maeulata W. Sm,) 
Liraditeas minutvs Grev. 
JlfflidiSonKi j4c(ino(jcAiM Ehr. 
Metosira stJcola (Ehr.) Kfitz. 
^avieuZa erabro Ehr. 
2/avieuia i^tdi/tna Ehr. 
Navicida DtWUliajia Kain & Schultze. 
Navicala tlliplka Kfits, 
Jfavicu/a en^atntm Ehr, 
Navimla foreipala Grev. 
Nancula gracilis (Ehr.) Ktlz. 
Nacieula JJeniiedyi W. Sow. 
Jfaiieuii teimgiana Grev. 
Naoiada Lyra Ehr 
.Yauiett^ mociftnta Ehr. Rare. 
Naviaiia {pinnuUaia) major Kalz. Rare. 
Navicala permagna Bail. 
Naiiievla praUila Ehr. 
^nMiciifa Smithii Breb. 
iVavieu/a tiirufia Kiilz. Bare. 
Piagiogramma Oregorianum Grev. 
Plearoiiigma Virginiacum Feticolas. 
Plairoeigma sp. 7 Fragments of a very 

large form allied to P. anjrutoum. 
Piued'^iuiigeai radialui Bailey. 
Pgxidicula erveiala Ehr. 
Bhabdonema Atlaniteum, n. ap., Knio & 

Schullze. 
Maphidodiicas Febigerii T. Christian. 
ShapkowU gemmijera Ehr. 

Dialom bed No. 4- — The fourth and lowest diatom bed penetrated 
in this well is estimated to be probably about tweaty feet in thickness. 
It occurs between the depths of 1,040 and 1,060 feet. 



Bhaplionel» amphietroi Ehr. 
Bhaphoiuii Belgiea Gnio. 
Skaphoneu jiwninenm Grun. 
Rhaphoneiii sealaria Ebr. 
Rhixoeotenia Amerieana Ehr. 
RhixoBolertia ^tylifonaiii Bright. 
Sceptraneis eaduaeus Ehr. 
Sceptnmeia gemmata Grun. 
StephanogoTiia Actinaptycltut Ehr. 
SUpkanogonia potygoaa Ehr. 
Slephanopyxis apicidaia Ehr. 
Stepkanopyxa /etoi (GrsT.) Ralfs. 
Stephaaopyrii Gyrona (Ehr.) Gnm. 
Slephanopi/xu Grtmrnoti Grove & Sturt. 
Stephanopydt titnbata Ehr. Rare. 
SUpkatwpyxit 3\i7TM (Grev.) Ralfii. 
Siclodiscua Buryatvs Grev. 
Stictodiecaa Kittonianua GreT. 
Stirirtlla Febigerii Lewis. 
Ibbulina ttaludo J, Brnn. 
Terpiina intermedia GriuB, var. 
Triceratitim Amtricanum Ralfs. 
Trieeralium amdeconim Bright. 
Triceralium Elaenbergii Gran. 
Triceraiium EkrviAtTgii {DiBeopUa undu- 

lata Ehr.) 
Triixralivm Fieherii A 8. 
Trieeralium Heilprmiaatim, n. sp., Eain 

& Schultze 
Trieerativm Kattui n sp., Schnltze. 
Tricrrahten iitdeatatvm, a, sp., Eain & 

Schultie 
Trieeraiaim Kamit Schnltze, var. wn- 

alricliati Kain & Schultze, n. tbt. 
THeeraiiam Marytandieiim Bright. 
Trieeratiwa obtutum Ehr. 
Ti-iceratium robuitum Grev. 
Triceratiiaa temicireidare Bright. =^ {Evo- 

dia Brighlwltii Balfs.) 
Triceralium, tpino&ian Bailey. 
Triceratiam Solenorerot Ehr. Bare. 
Trteeratium teraeUotum Grev. 
Triotrali'anl v/ndakdum Ehr. 
Tryblianella Himtascftutna Grun. 
Tryblionella icaletlum W. Sm, 
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Most of the species ftbov« enumerated as having been found in the 
third bed oocnr also in this, with at least one additional form^ 
Aetinoptyehua Sdiope&a Grunow. 

This is a notable and geolt^cally oharacteristio form, and will be 
again referred to. 

GENBIU.L BSMABKB UPON THE DIATOH8 FBOH THE 
MIOCENE BBDS. 

The spedes fonnd in the third and tlie fourth diatom beds are almost 
exclusively marine, there being seen only occasionally a fresh-water 
form aach as may have been carried to the deposit by currents fion> 
the neighboring fresh-water streams of that time. Both these bed» 
contain a number of diatoms that are not found in either the first or 
the second beds, and, viae versa, they do not contain certain other 
diatoms which do occur in the two upper beds. Such forms in either 
case may be considered as characteristic of the bed in which they 
occur, and when seen in deposits from any other locality, at least 
along the Atlantic coast of the United States, they may be used in the 
identification and correlation of such deposits. 

One of the distinguishing forms of the third bed is Oo«ainodiaou» 
exeavatua (see Plate VI.) — a fine, large, circular discoid diatom having 
in the center three and sometimes more elevations or excavatioue called 
processes that look somewhat like the reticulated eyes of insects. It haS' 
likewise been found in this bed elsewhere in borings from Beach Haven, 
Atlantic City, Mays Landing and Ocean City, N. J., and also in 
borings from Cambridge and Crisfield, Md., and from Fortress- 
Monroe, Ya. 

AeiinoplyehiiB HelioptUa (see Plate Yl.), the diatom already men- 
tioned as having been found in this boring only from the fourth or 
lowest diatpm bed, is like the Com/nodiaeat just not«d, also a beautifnl 
large discoid form. It has a perfect star in the center, the points of 
the star varying somewhat in number in different spedmens. 
Specifically it is appropriately named Heliopelia, which means 
sun shield.* Simply as Heliopelta it has long been endearingly 

* Originally this diatom was genecicallj named Heliopelia, bj Elirenberg, who 
gave to each epecimen, showing a variation in the number of ra;s, a di^rent 
specific name. As this form, hovever, clearly belongs to the previously -established 
genus, Aelinoptythue, and as Ehrenberg's species are generally regarded only as 
varieties, Gianow has constituted Ebrenberg's generic Dame its specific name, anA 
has likewise rel^ated his species (o the grade of varieties only. 
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known to diatomists, who will probably oontmae to tbns familiarly 
refer to it rather than by the more fall and accurately-correct tech- 
nical nomenclature given above. 

This diatom is espeoially charaoteriBtic of the base, and the base 
only, of the Miocene distomaceouB clay depoeits of the Atlantic coastal 
pUin. Wherever it has so far been fonnd, it always has this strati- 
graphical position. It 80 occnrs in this well at the depth of 1 ,040 to 
1,060 feet, and in borings at Asbary Park at the depth of forty to 
ninety feet ; at Clayton, Del., at the depth of 100 to 160 feet, and at 
Criefleld, Md., at the depth of 780 feet. 

In the same stratigraphical position it oooars in outcrops near 
Aabnry Park, and near Shilob, N. J. ; also at Claiborne, eastern 
shote, Md. ; at Nottingham and vidoity, weet«ni shore, Md., and ab 
Peteraborg and Bermuda Hondred, Ya. 

In the Nottingham region, within, bat at the very base of the 
Htlujpelta etiatam, the writer has seen each characteristic Miocene 
Mollusoan fossils as Eophora quadrieo^ata and Peeten Hvmphrtymy 
while not more than six inches lower could be seen some twenty feet 
or thereaboata of a greensand bed that has been referred to the 
Eocene by the United States geologists, which bed, if properly oor- 
lelated, outcrops three miles northwest, at Marlboro, where the writer 
has oolleoted such obaracteristio Eocene foesils as Orirta oomprtasim^ra 
and TarrUdla Mortoni. 

It has already been stated that this diatom occurs at the depth of 
780 feet at Criafield, Md. According to N. H. Darton, this depth 
marks the division between the base of this bed and the top of a bed 
seventy-five feet* thick, coneierting of a dark olive-green argillaoeooa 
and glanoonitio sand which he refers to the Pamnnkey formation^ 
%. e. the Eocene. 

In this Wildwood well, a short distance below the HtltopdUt 
horizon, namely, at the depth of 1,104 feet, we reach the top of a 
140-foot bed of glanoonitio greensand marl, probably the equivalent 
of the glanconitic sand at Crisfield. This bed will be notioed in 
detail farther on. 

It is interesting thus to observe the occurrence of HeliopeUa at the 
three localities of Wildwood, Crisfield and Nottingham, and that at 
each phice it is either at or near the base of the Miocene and above 
the Eocene. 

*The aiithoi makes this poTtion of the eection at Crisfield 129 feet thick. See 
page 184. Also see Plate VII. 
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The general aesemblage of fonns found in these Miooene diatom 
1>edB is shown on a plate in the report for 1891. Fifty-six forms 
are figured thereon, or abont one-foarth the number that has been 
observed in the entire bed at all its various looalitiee. 

We insert reprodnotions on Plate YI. of photi^aphs made through 
the microscope of Aotmoptyehva HdiopeUa, OoteinadMtme exeavatas 
and TVieeratium favua, and a similar reproduction of a drawing like- 
wise made throagh the mioroeoope of Hydroaera (Terpiincef) Novce 
^cEgarecB. The A. Seliopelta are twice enlarged from the original 
negative. The nnmbers below each form indicate the linear enlarge- 
foent, thus, S80 X means magnified 8S0 diameters. 

We will now consider the two gravel strata, the three shell horizons 
«iid the greensand bed, taking them in the order of their oooorreoce 
from the top downward. 

GBAVEL6 AT THE DEPTHS OP 200 TO 215 FEET AHD 
309 TO 328 FEET. 

Considerable gravel, lohitiah-gray in color, was reported 1893 from 
the first well at the depth of 200 to 216 feet. In the second well 
^1894) a considerable quantity of gravel, also quite coarse, was 
-obtained from the depth of 309 to 328 feet. The color of the second 
gravel is quite different from that of tlie first, and in comparison may 
be described as of a dnll grayiah-ydlow. 

The size of the gravel as obtained by the boring process employed 
was as large as peas, thoi^b possibly latter pebbles might have been 
-contained in the bed, but theee would not have been brongbt up with- 
■ont greater hydraulic pressure than was used. The average size of 
the pebbles in the first bed is about doable that of tboee in the 
second. The latter were obtained by a different process. 

CoQsidmug the great similarity in the color and general appear- 
ance of the gravel at 309 to 328 feet, with gravels elsewhere that are 
believed to be Miocene, the writer wonld refer this bed thereto. 

The upper bed, tbat at 200 to 215 feet, the writer considers bears 
an equally striking resemblance in color and appearance to gravels of 
later date, and that belong to some phase of tbe various Quaternary 
gravels in the State which are now being elaborately treated \sf Prof. 
R. D. Salisbury in these reports. Whidi phase, however, this 
■deposit represents, we leave for future interpretation. 
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DIATOMS, ARTESIAB WELL, WILDWOOU, N. J, 



rDROHBBi (TUBPSINtE) NOV« 

w sp«clee. DlB.U)m Bed No. 2. 



X220. 

CoecnioDlscva bxcavatos Grevllle. 

Diatom Bed No. 3. 



Hbliopklt* Gnicow. ACTiiJOPTTnn.'9 Heliopblt* Gni 

With fivE-polnted atar. With slz-poiiited Mai. 

Diatom Bed No. 4. Diatom Bed No. 1. 
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HOLLDeCAN HOBIZONS. 



Below the boee of the second gravel, that is, below the depth of 
328 feet, and extending to that of 1,104 feet, are 775 feet of strata, 
mostly of solid chty, dark in color, with a biniah-green tinge when 
wet, as when bronght oat of the well, bat which becomes gray wheo 
dried.* Small fragments of ehells began to make their appearance in 
this bed at the depth of 370 feet, from which point downward the 
boriDgs for this interval fieqaently showed, more or less sparsely, oom- 
minnted shell — a condition probably produced by the grinding of th& 
drill. There were, however, three marked shell beds where mollaecaa 
fo89i]8 were especially DDmerous. These were at the depths of 409 to 
428 feet, 705 to 732 feet and 887 feet. These three horizons will 
now be separately considered. 

MoUuae» 409 to 4^8 feet, — By a oarefnl examination of the com- 
minuted shell at 409 to 428 feet, ondonbted fragments of a onivalve 
shell, Mtlanopaia Marykmdicat were identified. Associated with this, 
form were a considerable nnmber of other small shells, both oni- 
valves and bivalves, bat these had been groand by the drill into sock 
minute fragments that their ideotification as to species is impossible. 
The following genera may, however, be eaiely stated to be present ; 
Neuaa (plentiful), Tad>ra, Tarbon^a, Astimmea and Yoldia. 

A comparison of this fauna with that listed on page 158, from the 
depth of 320 to 360 feet, nine miles southwest, at Cape May Point, 
would indicate that the same bed is represented in both wells,, 
especially when we oonsider that the most numerous fossil at either 
locality is the Melanoptis, a shell that does not occur in either of the 
two lower horizons in this well, nor has the writer seen it in a very 
considerable oollection of Miocene fossils that he has made from 
severel wells northward along the New Jersey coast. 

As was stated in the notice of the Cape May Point well, this 
horizon is the same as that represented by outcrops at St. Mary's, 
Md., where also this Melanopsis is a distinguishing fossil and which 
locality is upon the upper part of the Chesapeake Miocene. 

Molluscs al 705 to 7SS fed. and ai 887 /eef.— Judging from the 
specimens furnished, there are within the interval of 705 to 732 feet^ 
two shell beds between the respective depths of 706 to 713 feet and 

* lucladed within these 775 feet of stiala are the third and the fbarth diatoms beds 

previous] 7 described. 
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at 718 to 732 feet. These may be practically viewed as a single 
horizon, the second from the siirface. The third notioeable horizon 
is at the depth of 887 feet, and is reported to be about one foot 
thick. The ehelle were very nnmerooa. From this depth to that of 
960 feet a greater or less namber of molluscs were brought to the 
surface. It is thought, however, that those from the lowest depths 
were really contributed from the bed at 887 feet, having dropped 
down aa the boring proceeded and before being followed by the cas- 
ing, A study of the specific forms, however, indicates that whatever 
may have been the actual depths from whence these apecimenB were 
brought up, but one fannal horizon is practically r^resented. 

With the assistance of Prof. Heilprin and C W. Johnson, the 
species occnning at 705 to 732 feet have been identified ; while C. W. 
Johnson and the writer together carefully identified those from the 
depths of 887 feet (and lower?). 

The following tabnlar arrangement exhibits the fossils occurring at 
«ach horizon. It also shows at a glance those found only in the 
upper bed, tiiose found jointly in both the upper and the lower of 
these beds, and likewise those found only in the lower bed. In 
nomenolature we have mainly followed Prof. R. P. Whitfield in his 
'' Mollusoa and Crustaoea of the Miocene of New Jersey : " * 



»l 



Axinai (PMiuncuZug) OenHformi* Conrad.... 

IHont Sasana Conrsd 

Pedeaap.? 

Sangia {Perrisodon) minor Conrad 

Aclaon Sluilohensii Whitfield 

Amyda {Columbelia) eommmtie Conrad 

Cadvim sp.? 

iJentaJtum ap. ? 

DriiHa Bubjdniosa Whit&dd 

Paseiotaria sp,? 

TurrUeHa geela Conrad 

" jMieiaSty 

Tivchila perarmata Conttd. 

Bryoioa 



* United Statu 6eol<^:ical Sorre;, Uonograph XXIV. 
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BOTH HOBIZONB^^TOS TO 732 FEBI 
1ST FEBT (AMD lOWEB?). 



Aitarte Thttmam Conrad. 

" dislani CoDrBd. 

Area (Barbatia) Marylandica Conrad... 
Corlnda submnlracla Whitfield 






iBp..'. 



iJuetna Crtnvlaia Conrad 

Madra (achiiodamia) deltimbU Conrad 

Feeien Maditoniv$8t,y 

" SiaaphTeyiii Conrad 

Venus lalUirata Coarad 

Siitycon icalaritpira Conrad.... 

Driliia (Pkaratoma) pgeudelmmta Hdlprin 

NalKU (Lunatia) hemicrypta Gtibb, 

TarriUUa CixmberUmdia Conrad 

Nana (Trilia) TnviUiloidt» Whitfield 

Tertbra eurvilirala Conrad 

CrostaceaD (Bamaclee}^£afanuapro(eut Conrad... 

FoesiLs FBOu iA>wEB HORizoK — 837 TEDT (ahd : 

A^tirU <unct/brmu Conrad 

Corbida intquaU Saj 

" elemla Conrad 

" idonea Connid 

OroMoieila mtlina Conrad 

Dosinea (ArltmU) AeelabiUum Conrad 

I/udna triftdeaia Conrad 

Madra (Jfulintaf] taleratuSaj 

Nmorita dvplieata Bij. 

2fuaUaproximaSt,y=tibliqiia (Sa;) Heilprin _ 

Periplotaa alta Conrad 

SoUn Bp.? 

Nagm (Tritia) bideniaia Emmons 

THiina producta Connd 

TurriUUa asquatriala Coarad 

Fenut BMealdli Conr&d 

VeneriMxdia, {Otrdila) granidaia Okj 

ianrchm=^iJjAn»ut... 



Fish ear bones ^ OIoIMm* (Scianidanan) dongatui Koken... 
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There are listed above 60 foesil life fonne, 46 of which are mollascs. 
Of these molloscs, 13 were observed only in the upper horizon, anJ 
17 0DI7 in the lower horizon, while 16 were foand in both horizons. 

Otoliths at 900 Jtel. — Associated with the moUnscan fossils, at about 
this depth, were a considerable nomber of Otoliths, or the small ear 
bones of fiebes. These Otoliths were all of them exactly alike, and 
therefore probably represented but one species. Ernest Eoken, a 
GJerman author, has written an admirable mon<^raph npon Oto- 
liths, and figures therein a form from Tertiary deposits of probably 
abont the same age in northern Germany, which is identical with 
the one oooarring here. He gives it the teohnioal name of Oto- 
lithua {Seiaaidarum) dongaixu.* These small ear bones are those 
of a fish belonging to the family of the SeianidcB, which inclndee the 
weabfish and the Cape May goody. We thns have had preserved, 
for our inspection to-day, portions of the remains of possibly the 
ancestors of the identical fishes now swimming in the waters of onr 
coast. 

Immediately below this shell bed occurs the water-bearing sand 
from which this well, after having been continued deeper, finally 
obtained its supply. This will be again referred to nnder the head 
of water horizons. 

FOKAHINIFEBA. 

At varions depths within the 775 feet of Miocene strata now being 
described, Foraminifera were observed by the writer while making 
microscopic examinations of the borings. A careful listing of the 
varions specif b found in this well was not made. It was very ob- 
servable, however, that they were generally identical with forms 
studied by the author in the year 1889 from the tame bed at Atlantic 
City, when the following genera were then noted,t viz., Nodoaaria, 
Denialina, CritUUaria, Robulina, Nonionina, Botalina, Roaalinaf 
Btdemina, Uvigerina, Ampki^iffina, Quttviina, Biloculina, IHloeu- 
lina and rea^futono. Many of the forms closely resemble species de- 
scribed in 1846 by d'Orbigny from the Miocene clays around Vienna, 
Austria. 

■ Zdtachrift der Deutachen Oeologischen Qesellachaft, page S60, btble XIT., 
figure 6. 
tPioceedings Acad. Nat. ScL,PhilBdft, 1890, page 143. 
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OOCCOLITHS AT 1,040 FEET. 



In the clays at the depth of 1,040 feet were a Damber of minate 
miciosoopio Galoareons obje<!t8 which have been named oocoolitha hj 
Huxley. They are less in size than most of the smBlIer diatoms, and 
require a magnification of aboat 200 diameters to be seen at all satis&o- 
torily. In shape when seen edgewise they much resemble a collar 
stud, and consist of a small, drcular oroval disc joined by a shaft to a 
slightly larger disc, also circnlar or oval, as the case may be. In the 
last or seventh edition of " Carpenter's Microscope and its fievela- 
tions," by Dollenger, it is stated that they are " from ^^jVit to -nW 
of an inch in diameter," and that they are " now very extensively 
diffosed over the deep-sea bottom, being especially aboodant in the 
globigerina mod," 

According to Dana, oocooliths are also abandant in the Cretaceoos 
of the eaatero slope of the Bocky moantains. The writer has alec ob- 
served them in Cretaceous ODt«ropB in New Jersey. 



Several fragmentary spedmens of a cap coral {Phaoooyathiu) were 
obtained from the lower portion of the boring, but whether they came 
from the top or the base of the Eocene (?) greensand next described 
is not certain. This same ooral was also found in the borings at 
Atlantic City. 

QBEENSAND HAUL, EOCENE (?). 

1,104 to 1,244 feet. 

The interval from the depth of 1,104 feet to the bottom of the 
boring at 1,244 feet is occupied 1^ what is practically one bed of a 
clayey glanoonitic green sand. This deposit is stated by the well- 
driller to have been of a clayey natnre because of the behavior of the 
drill while penetrating it. Its clayey nature may also be inferred 
from the fact that the walla of the well stood open without being 
cased. The hydntnlio process used in drilling so washed away the 
finer day particles that the specimens are mainly of clear taad, 
oonusting of a mixture of white quarts grains and of glanoonitic green- 
sand grains, the latter often showing beantifnily the divisions of the 
foraminiftral chambers within which the glauconite was oast. 
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An open aaod eeam not more than ten feet thick occars midway in 
this bed, oftmely, at the depth of 1,185 feet. Thia furnished a copione 
overflow of salt water. 

On oomparing thia greenaand bed with a very Bimi]ar deposit 
octairmig between the depths of 771 and 900 feet at Crisfield, Md., of 
which the writer haa apecimena, and aleo with a more arenaoeons, 
Uiongh at the same time a largely glanconitic depo«t enconatered 
between the depths of dS6 and 1,096 feet at Atlantic City, and con- 
sidering the ralative posiUou of the greenaand bed at the three 
localities, the writ«r ia mnoh inclined to the view that the same bed is 
represented at each place. N. H. Darton, in " The TransactioDS of the 
American Institute of Mining Engineers," Febmary, 1894, deaoribes 
the bed at CrisGeld as a " dark olive-green argillaceoaa sand with a 
large proportion of glanconite," and refers it to the Pamnnkey for- 
mation — the local name for a bed generally r^rded as of Eocene age. 

This view of the age of the bed ia strengthened by a comparison of 
the clays below the green sands, both at Atlantic City and at Criafield. 
Specimens of these clays from both places are in the writer's posses- 
sion aod are lithologically very similar, A pen-aud-^nk note written 
by K. H. Darton on the margin of the leaf of a copy of the above- 
named paper, which he sent to the writer, states that at 970 feet at 
Orisfield there were " dearly-defined Severn clays " — these belong to 
the Cretaceoos. 

The welUboring at Wildwood is said to have been diaoontinoed 
upon tiie top of a clay bed. Of thia no epeoimena were received. It 
was probably the same Severn or Cretaceons bed. 



Id einkii^ the well small overflows of fresh water were observed 
at the depths of abont 625 and 843 feet, while a much larger flow 
was obtained jost below the shell bed that occurs at 887 feet. All 
these flows were from sands interbedded in Miocene clays. A strong 
flow of salt water, aa already atated, waa had midway of the Eocene (?) 
greensand at 1,186 feet 

The well waa finally finiahed with a depth of only 931 feet and 
draws a good supply of fresh water by means of a fifty-foot strainer 
from the interval between 887 and 931 feet, which interval is occur 
pied by a fine gray sand. This water horizon is probably the eqniva- 
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lent of that at the depth of 7&0 to 800 feet at Atlantic City, Long- 
port and Ocean City.* It may, however, be noted that this water- 
i>earing stratam at the three laat-named localities consists of a 
lirownish, rather coarse sand, while at Wildwood the aaud, as above 
Aoted, is gray in color and quite fine. 



BOCK STRATA. 

In the boring of wells in Miocene beds to the northward of Wild- 
wood, solidified rock strata have either not been encountered at all, or, 
if found, bat a single such stratum has been met with. On the con- 
trary, such solidified deposits are qaite frequent at Wildwood — ten such 
strata having been passed through, varying from eight inches to six 
feet in thickness. Their respective positions are shown in the accom- 
panying vertical section. Plate V. These rock strata consist of a fine 
Bandstone, at least only in part cemented by lime, since if pieces of 
the same be placed in acid they efferveece alightly, retain their shape, 
«nd do not disintegrate or become loose sand. 

The Miocene sediments at Wildwood were generally much finer 
ihan at Ocean City, Longport and Atlantic City, but not so fine as at 
Criefield. 

The relations of the strata at Atlantic City and Wildwood are better 
demonstrated by the accompanying vertical sections (Plate VII.) of 
the wells at the two localities. These sections, as drawn, show practi- 
«ally a oroas-Bectiou between the two places, although the rate of dip 
«annot be stated for the reason that we do not yet know the exact 
strike of the strata in Cape May connty. 

For correlation, we add on the right a columnar section of the wells 
at Crisfield, Md. On oomparison of the latter with the Atlantic 
City to Wildwood section, it will be seen that the nou-diatomaoeona 
olays and the interbedded water-bearing sand which intervene in New 
Jersey between the base of the 300 to 400-foot diatom bed and the 
top of the Eocene (?) greensand marl are absent at Crisfield ; also, 
that the great Miocene diatom clay bed thickens southward from 
Atlantic City. 

* As tbie paper goee to press we learn Ibat the same water-jielding sand has beeu 
Again opened bj a well recently finished at Brigantine, N.J. This sand is here 
Again brown in color. 
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The reference now made of the beds at Atlantio Citj, below the 
depth of 966 feet, to the Bocene and the Cretaceoiu, is at varianoe 
with the identification made by the writer in the Annoal Report for 
1889, where the view was entertained that they are wholly Miocene. 
This view was then held beoaase two or three Miocene shells were 
foDnd in the specimena of these lower days. It now seems to the 
writer qaite posBible that theee were accidentally introdaoed from 
above. 

If the lowest days at Atlantio City — that is, those from the depth 
of 1,095 to 1,398 feet — belong to the Severn and Magothy divisions 
of the Cretaceoas, it still remains an interesting qoeetion what are the 
relations of these to the Middle Marl bed — that is, are the true gre^i- 
sand marls of the Middle Marl bed of New Jersey beneath these 
clays, or are the marls replaced by these clays? 



ASfTBSIAS vrSLL,, ATLANTIC crTY, BALTIC AVEBUE, BETWEEN 
HASSACHnSfirrTB AND OONNEOTICDT AVENTTEB. 

Thorns B. Harper, of Jenkintown, has put down at the above loca- 
tion an artesian well for the Citizens Joe and Cold Storage Company. 
The well has a depth of 805 feet. An eight'inch casing was put ii> 
to the depth of 450 feet ; below this a six-inch casing was oontinned 
to the depth of 790 feet. A four-and-a-half-inoh strainer was then 
pot in to the depth of 805 feet. The water, which is of excellent 
quality, flowed seven feet above the surface at the rate of 40 gallons- 
a minnte. The well has been pamped 125 gallons a minnte, the full 
capacity of the pump, without apparently reducing the supply. 

The water stratum developed is the same as has been opened by the 
Knickerbocker Ice Company's well, a few blocks southward, and 
which reached a total depth of 800 feet, and by the aeoond well pat 
down at Ocean City, ten or eleven miles southward, and which also 
has a depth of 800 feet. The same stratum is also probably opened 
at Wildwood, near Cape May, the depth there to the top of the water- 
bearing sand bdng 887 feet, and to the base, 931 feet. See report of 
this well, page 178. 

The wells of the Consumers Water Company at this place, stated- 
in past annual reports to have a depth of 760 feet, may possibly draw 
from this same horizon. 

The water-bearing sand at this point and at Ocean City is brownisb 
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in color* at the top, and olumges to gray at the bottom. At 
Wildwood the eoiire thickness of the stiatnm Is gray in oolor. 

The following ie the record of this well, a? furnished by Thomas 
B. Harper, with aome additional notee in brackets by the writer. Aa 
should be expected, it ia substantially the same as has been pabliahed 
in previooa annDal reports respecting other wells at this locality : 



gand 


sarface 
it= 20 feet 


to 20 feet. 
to 68 " 




Claj and marl 48 fee 




8«nd and gravel 22 " 


= 48 " 


to 90 " 


Beceat and 


(Fii)e>rhil«cU7at 88f«et.] 






275 feet. 


[Fine white clay at 187 feet] 








Sand and clay 320 " 


= 90 " 


410 " 




Black clay 160 " 


= 410 " 


660 '■■ 




tBrackiah water at^SO feet.] 








Coar^aand, brackish water.. 10 " 


=680 " 


570 " 




Claywithfouraandeeaois... 208 " 


= 670 " 


778 •■ 




tCoarse sand at 763 feet].... 








tWood and eheU at 766 ft.] 








Wood and clam shells 4 ' 


= 778 " 


to 782 " 


Miocene, 








530 feet. 


[Artemis aertoiu/mn.] Conrad. 








Tough, dark clay, under- 








liud by coarae, brown 








Band, with Mme^graina 23 " 


= 782 " 


to 805 " 




large aa peas, water- 








bearing. J 









Thomas B. Harper also famished specimens of clays from different 
depths. Those at 88 and 187 feet seem from color and chaiacter to 
belong to the Pleistocene. No fossils, microscopic or otherwise, were 
found in them. The clays from 400 to 700 feet are richly diatoma- 
ceons, in keeping with all other borings from the same interval ait this 
place, and again prove the great thickness and persistence of the 
Miocene diatomaceous clay bed of the Atlantic coastal plain of the 
United States. The species of diatoms belonging to this bed are listed 
on pages 168 and 169. 

ABTE8IAN WEU^ A.T CKISFIEU), MD. 

During the years 1892, '93 and '94, three artesian wells were sunk 
at Crisfield, Md. These will be designated as wells No. 1, No. 2 and 
No. 3. Well No. 1 has a depth of 1,006 feet. Well No. 2 nacbed 

'Since the preparation of this paper a well has been put donn at Longpoit to the 
same depth of 800 feet, and finding llie same brownish sand, with an abundance of 
water, the flow from a six -inch pipe being 176 gallons a minute. 
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a depth of 1,060 feet, and draws its supply of water from below l,04t> 
feet. Well No. 3 has a depth of 980 feet, at which point farther 
boring has been temporarily suspended. Welle Nos. 1 and 2 were 
put down for an ioe manufactnting company by J. H. E. Shanahan,. 
who has kindly famished an excellent set of specimens of the borings,, 
with fall information respecting them. Well No. 3 was put dowa 
for the Crisfield Water Company, under the sapeivision of its pro- 
jector and President, J. H. Buxton, who, appreciating the value of 
geolf^ical investigation, oourteoDsly and carefully preserved two fall 
series of the borings, one of which he furnished to N. H. Carton and 
the other to the writer. 

Wells Noe. 1 and 2 were drilled by the hydranlio or jetty process,, 
which somewhat mixes the material and also washes away the finer 
particles, so that care has to be exercised in interpreting the meaning 
to be learned from the epecimens. Well No. 3 was put down by the- 
ose of the ordinary drill and sand bucket, which method brings np 
the material in a condition nearly the same as that in which it occars' 
in the beds. For this reason the specimens obtained from this well 
are particularly valuable. 

The deepest of the wells put down at Atlantic City — that reportei} 
in 1889, and which has a depth of 1,398 feet — was also put down 
with the drill and sand bucket. As these two borings are the only 
ones of nearly so great a depth so far sank by this process in the 
Miocene strata of our Atlantic coast, the specimens therefrom, both of 
which are in the State collections, are especially valuable for compari- 
son and correlation, not only with each other, but also with borings 
already in hand from numeroua other deep wells that have been pat 
down by the other or the jetty method. They serve also as a check 
^lunst drawing wrong conclusionB from the latter. 

N. H. Darton has already published in the " Transactions of th» 
American Institute of Mining Engineers," at their February meet- 
ing, 1894, at Virginia Beach, a minute record of the strata passed 
through by well No. 3, with notes of fossils, and draws therefrom 
some geological conclusions. Previoasly, however, to the appearance 
of this paper, the writer had carefnlly examined the spedmens re- 
ceived from wells Nos. 1 and 3, and compared the same with infor- 
mation obtained respecting all three of the wells, and had compiledt 
the following record, which differs &om N. H. Darton's in that th& 
consecutive specimens, which are separately noted by him, when of a 
very similar character, are grouped in beds of considerable thickness. 
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tbaa making the record more simple aod oo 
eooee, however, of the lower portion of the 
the Cretaceous is upon the antbority of N. 
alluded to : 

mioknoa. ToUl deplb. 

Sattdutd loRm 16 feet. 15 Teet. ~| 

Onvel 6 " 20 " i = 

Bluish clays and sandy clays, | 

d«Kribed aa tough 32 " 68 " J 

Gray sandy clays, with Mio- 1 

cene shells. 68 " 110 

Oreeniflh clay. 25 " 185 

Clay with flinty stones, 1 inch 

in diameter. 6 '' 140 

Clays aod sandy claya, with 

scattering greenish grains, 100 " 240 
Miocene fossils at 135, at 190 

to 215 and at 283 feet. 
DiatomaceooB greenish clay, 10 " 250 
Qreenish clay, with silicions 



Hi 

lower 2 feet solid rock 

Greenish clay, described as 

Miocene molluscs at 290 lo 
310 and 328 to 330 feel, 
the latter a decided shell 
bed 2 feet thick. 

Argil! aceons rand 

Miocene molluscs at 315, at 
352 to 370 and at 375 feel. 

Layers of sands and greenish 
clays, the latter slightly 
dialomateimM 

Alternations of eanda, dia- 
tomotecia clays and dio 
tomaetcnu sandy clays, 
mostly light greenish-gray 
in color II 

Decidedly diatomaecoat 
days, light green and 
greenish-gray in color. 1 

Sand and commiooted shell, 

Kichly dialomaixaru green- 
ish clay li 

Fine sand, slightly clayey... 

Extremely rich diaicmace(yue 
clay.light colored and very 
light in weight 



mpreheneive. The refer- 
aection to the Eooeae and 
H. Datton in the paper 



' 313 feet of Mio- '■ 

laining molluscan 
and a few other 
fossils. 



= 406 feet of Mio- 

maetom through- 
out, and represent- 
ing the great 300 
-400- foot Diatom 
bed of the Atlan- 
tic coastal plain. 
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Tbickaess. ToUd depth. 


Olauconitic indurated rock.. 


4.feet. 776 feet. 1 






76 


' 850 " 




Gray clay, light greenisb, 






= 120 feet 
Pamnnkey (?) 


mixed, and a Urge noin- 














Oo-xoUlhi 


60 


' 800 " . 


. 


Dark greenish-gray clay 


30 


' 930 " 


~ 










foraminifera = nodoiaria, 








&a 


8 


' 933 " 




Dark greenish-gray clay 


7 


" 640 " 


= 75 feet Severn (?) 




20 


" 980 " 




Dark brownish clay 


8 


' 968 " 




Black clay 


2 


" 970 " 




Light-colored clay 


5 


" 976 " 




Fine sand -. 


SO 


' 1,005 " 




Alternate layers of £and and 








stiff day 1 to 4 feet thick, 


40 


' 1,045 " 


= 85 feet 
Magoihy (?) 


Sand 


15 


" 1.060 « 





The first fifty-two feet of the above record are andoubt«dI; geo- 
logically recent, certainly not older than PleietoceDe. It iBcludes a 
five-foot bed of whitish quartzoee gravel, many of the pebbles of 
which are the size of shellbarkB. 

The next 719 feet, or from the depth of 64 feet to that of 771 feet, 
belong to the Miocene, as is evidenced by the oharacteristic Molluscan 
fauna and by the occorrence in the lower half of a rich aeaemblage of 
marine diatoms, several of the species of which belong only to the 
great Atlantic coastal Miocene diatom bed. 

This Miocene section of over 700 feet of strata is natarally divided 
at the depth of 366 feet into an upper division about 300 feet thick, 
containing throughout a considerable Mollascan fauna, and a lower 
division about 400 feet thick, containing an abundance of microscopic 
fossil diatoms, and but few moUnscs. 

The relative thicknesses of these various divisions may be seen by 
references to the section of this well on the right of Plate YII, 

The two Babdivisions of the Miocene will now be separately 
considered, 

UFPSB FOBTION OF THE MIOCENE. 

In the interval between the depths of 52 and 376 feet the following 
fossils occurred at the partioolar depths named. The list includes a 
few reported by Darton, These are marked N, H, D. 
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The identificaUon of the fossils in the aathor's hands, both in tbia 
and io the lower section, was made hj O. W. Johnson : 

At 52 to 60 feel, Nuaila o6f iqua Sa;. = proiima Say., Mactra [fragota t) Connd. 
80 feet, fragmeul of large dam (not idenliflable,) 
18 to 100 feet, shell fragmeDU N. H. D. 
100 to 110 " ■' " N. H. D. 

110 feet greensand griing, scattering. 
120 " " " Blill scattering 

but more plentiful. 
130 " man)' sheUs. N. H. D. 

135 '' Venerieardia {Gardila) granviata Say. ; also Peraa and Arta fragmuita. 
140 " sheltB. N. H. D. 
145 " greensand grains again. 
177 ■■ shell fragments. N. U. D, 
18S " fragments of Pema. N. H. D. 
190 « shells. N. H. D. 
ItK) " PKtea MadUmim Say., OMrta sp. ? Maclm laleralia Say, Z\iiTieelta pltbeia 

Say. 
216 " JSoIanui proleus Conrad. 
283 " '< 

236 " shell fragments. N. H. D. 
245 " marine diatoms. 

240 to 268 feet, fragments of lignite. N. H. D. 
2Be feet, shells. N. H. D. 
200 " TuTTM!apUbaa8»j.,Ifaita{TrHia)peraUa(kiniad. Amytla {(MumbtUa) 

Cbmmunu Conrad. Vtneriairdia {OaTdita) grantdala Say. , 

310 " Lignite and shell fragments N. H. D. 
310 " DtjUaiium alUnualtm Say. Tarriulta pUbeia Say., PtJynMes {Naiua) 

per^tetiva Bogers. 
32S to 380 leet, a decided sheli bed two feet thick containing TurrHdia pUbtia 
Say. (nnmerons), Secdtapira itrtonosum Conrad, Venerieardia 
{Cardita) granv2ata Say., Venui otveala and fragments of a 
large clam not identifiable. 
345 feet, shell fragmenla. N. H. D. 
84fi " TurriieUa plOtia Say. 

S6S " hoeardia Markcei Conrad, Peelen Madimniue Say., Balanutproteut Conrad. 
860 to 360 feet, IragmenU of PteUn MadUontui Say. N. H. D. 
370 feet, Ptelen Jeffereoaha Say. N. H. D. 
875 " Peettn Sfaduoniia Say. 



LOWJEB POBTION OF THE MIOCENE. 

From the depth of 366 feet to that of 771 feet, few moUnsoan fos- 
ole were fonnd, but almost everj foot of this entire division contains 
nmnerooB microscopic fossils known as diatoms, associated with which 
are also other miscroeoopio fossils, viz., sponge spicules, foraminifera 
«nd polycistina. The following shows the results of the author's 
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ezamiiiation of specimena from eaoh of the Tarions depths named. 
N. H. Parton's notes for the same interval are also introducd^ 
marked N. H. D. : 

At 385 feet, disUmiB Mid sponge spicales. 



From 420 lo 465 feet, no specimeni were 
At 400 feet, shell fragmenta. H, H. B. 

405 " diatonia. 

466 to 470 feel, ahells. 

469 feet, shell fragmente. N. H. D. 

475 " diatoms. 



and sponge spicules. 



510 " TanilcUa pUbeia Saj. 
515 " diatoms. (Diatomaceons. N. H. D.) 
520 " TurriitUa pkbia Say. 
620 " diatoms plenty, some sponge spicales. 
630 " 
_ 535 " diatcmaceou*. N. H. D. 
545 " diatoroe plenty, DriSlia liauiiida Conrad. 
550 " " Aetinocydia. 

565 " " [Dlatomaceous- N. H. D.) 
565 " " and sponge Epicules. {TSaril^a pldma Qi.j. ] 

675 " " Trieeraiium Marylaadiea, b1bo Aetiiuxydta. 

600 " " and sponge spicules. 

605 " " rich, also polyciatina luid foraminifero. 

600 to 606 feet, diatomaceaus, also Maeoma. N. H. D. 
610 feet, shell fragmeote. N. fl. D. 
620 " " " N.H.D. 

620 " diatoma scanty, sand and shelL 
640 to 650 feet, dlatomaceous. N. H. D. 
640 feet, diatoms and a few foraminifera. 
650 " " rich. 
660 " " and a few foraminifera 
660 " diatomaceons, also Matoma. N. H. D. 
670 " diatoms not plentiful, sandy. 
675 " " and sponge spicules. 

680 " " sponge spicules, polycistlna and foraminifera. 

675 to 690 feet, dlatomaceous. H. H, D. 
710 feet, diatoms very rich. (Dlatomaceous. N. H. D.) 
7iO " " " " also large glauconite grains. 
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740 feet, diatoms very rich. (Katomaceoua, dark buff. N. H. D.) 
760 " " " ■' { " light gray. N. H. D.) 

760 " " ■' " ( " darker gray. N. H. D.) 

765 " " mediam. 
790 " " HeUopditt. 

It may be here stated that among the greensand borings at the- 
depth of 790 feet, and therefore jmt below the point which lithol<^- 
oally marks the divisions between the Miocene and the Eocene, there- 
was found a diatom, Beliopelta, alwajrs elsewhere chataoteristio of thfr 
base of the Cheeapeake Miocene. It may be that there has been some 
mixture in this case, either of the borings, or possibly when th& 
diatom bed began to be formed some of the Eocene green sands were 
worked over again and deposited simultaneously with the diatom 
clays. That there has been some mixture, however, is favored by the- 
fact that the specimens examined were from well Ko. 1, which was- 
put down by the jetty method. 

From a preparation of diatoms from the upper portion of this bed' 
the anthor made a strewn mount upon which O. Henry Kain, aa 
authority, readily recf^nized the following forms, thirty-one in num- 
ber. This is probably not more than one-sixth the namber of species- 
occurring in the beds. The list, however, is saffioient to demonstrate 
to diatomists that the forms here assembled mast have come from 
the great Atlantio-coastal-fossil-diatomaoeous deposit first discovered 
abont 1840 by Sogers, at Biohmond, Va., which city it nnderlies,. 
and where it is well exposed along the high and steep banks of 
Shokoe creek, which cnts across that city on its way to the Jame» 
river: 

Coteinodiiaui apieuiatui Ebi. Stepkanopyxit linJiata Ehr. 

Oa»einodi»aa robattui Grev. Hoitonia Reiekardtii Qmn. 

Ooieinodaeia marginatvt Ehi. EvpodUent Eogersii Bailey. 

Oaiemoditaa radiatui Ehr. Mdodra suieata (Ehr.) Evitz. 

CbwtnodtietK txAvatta Ornn. Maiievla didyma Ehr. 

CoKxnadiaeiu oevlut iridis Ehr. Plearosigma ViTginiaeum Peticolaa, 

Cbidmxlitaa lineatvs Ebr. Si/ttephan,ia corona Ehr. 

Qweinorfiscus perforaba Ehr. Systephania diadema Ehr. 

OotciiiiidisBMS symmetTixas Grey. P])xiUa Americana (Ehr.) Grun. 

Atlinoeydai Ehrenbergii Balfe. Didadia a^eolas Ehr. 

Actinocydui Bal/eii W. Sm, Hyidoditms lubtilis. 

Attinoptydiu wlgaria Schaman. Ooniolheeium odonltila Ehr. 

Actim/ptyclu) andtdaivs Ehr. Qonv/lheatim Bogeriii Ehr. 

Attinoptycifa areolattu Ehr. Stephanogonia pi^ygona Ehr. 

EJiaphoneia amphieeros Ehr. Tricerativm Marylandicam Bright, 
StephanopyxU fuiris Orev. 
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Adxnoptyiilms HeliopeUoy previously meationed as oocoring in the 
boTiDga from this well, does not appear in the above enameration of 
forms, beoanse its poeitioD is lower down in the bed than the point 
^m which the material was takeo which forniehed the forms listed. 
This diatom may be considered to be jast as distinctively obaracter- 
jstic of the base of the Chesapeake Miocene as the mollusoan fossil 
Melanopaia Marylandiea is of the St. Mary's or apper divbion thereof, 
•or as FurriteUa Mortoni, another mollasc, is of the Eocene. 

The next division occnpiea the interval between the depths of 771 
and 900 feet, and ia separated from the diatom bed above by about 
"four feet of indurated rook, showing on iresh fracture one mass of 
lieautifully bright-green grains of glauoonite, This division is a two- 
fold one, the upper two-thirds, or from 771 to 850 feet, being almost 
wholly of pore green sand, while the lower one-third, or from 850 to 
900 feet, is very lately composed of a light-greeaish day of very fine 
texture containing many foraminifera and Coccoliths with a oon- 
«iderab1e sprinkling of green sand. 

We refer this division to the Eocene on the authority of N. H. 
Darton, who says : " The coarse highly-glauconitic sands b^inning 
At 780 feet are typical of the Famunkey formation [= Eocene] and 
the siliceous stratum [771 to 775 feet] and scattering grains of 
:gIaucoaite characterize the base of the Chesapeake in surface outcrops 
-west of Chesapeake bay." 

A similar dliceous stratum has been observed by the writer between 
the base of the Miocene diatom bed and the top of the Eocene green 
^eand along the blnffs of the Patuxent river near Nottingham. 

The following are the author's notes of the microscopic examina- 
tion of this section. There are also introduced N. H. Darton'a notes : 

771 fe«t to 775 feet, rock with large gntiDS of glaiiconile. N. H. D. 

'780 " glsuconile olive green ; also foiamiaifera. 

790 " " and diatomB, Hdiopeita. 

.800 " " dark green ; also foraminifera. 

800 feet, glauconite, fine grains. 1 

810 " BheIl,oyster. j- N. H. D. 

820 " glauconite, coarser grains. J 

815 " glanconite, dark green, foraminifera. 

.825 " " " ■' " 

842 ' " grains. 
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Th« next geoeral diviaion, that from the depth of 900 feet to that 
of 976 feet, is made up of peculiar tough olays that out like dieese 
when wet, and that vary in color, beiog dark green, light gray, Ught 
and dark brown, and even quite black. The microaoopio ezamimi- 
tion presents for diS^nt depths the features noted below : 

At 920 feet, coccolithg. 

930 lo 933 feet, glauconite, foriminiren (=^ Nodaaaria) Balamu and abell 
fngmenU. 

This is a stratum three feet thick, of nearly pare greensand grains^ 
mingled with which were some fragments of shell, and also of barnacles^ 
B(Uanu8 proteus Conrad. Especially notable, however, was the pres- 
ence of a lai^ foraminifera, a Nodoaaria identical with a form ooour- 
ring in strata immediately over the Middle Marl bed of New Jrasey. 
At 940 feet, coccolithB. 

9QS " DO mioro-organiems. 

968 " " " " 

From the lowest section, that from 975 to 1,060 feet, bQt few 
specimens of strata were received, and these were sands from the 
upper part, which, excepting small fragments of lignite at 980 and 
1,005 feet, showed no fossils microscopio or otherwise. The descrip- 
tion noted above, " alternate layers of sand and stiff clay, one to four 
feet thick, the clay preponderating," was taken from a letter from 
contractor J. H. E. Shaoaban. 

These two lowest divisions are respectively referred to the Severn' 
and the Magothy divisions of the Cretaceone, also on the authority of 
N. H. Darton, who, in a copy of bis papw read before the AmericaD 
Institate of Mining Engiueen, which he farnished the writer, and 
which he revised with pen and ink, says (after revision) : " It is- 
poeeible that the water bearing sand [at 1,006 feet] is at the base of 
the Severn formation and is probably in the Magothy sands." 

For a more graphic correlation of this well section with sections at 
Wildwood and Atlantic City, N. J., the reader is referred to the 
engraved sections, Plate YII. 

ARTESIAN WELLS IN CRETACEOUS STRATA. 

We now report wells in Cretaoeoas strata. Included with these is- 
one well upon the Pennsylvania side of the Delaware river, but which 
draws from beds that belong to and are directly connected with the- 
New Jersey series. These wells will be presented in the order of 
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their geographical position, oommeDoiDg Kt the eoDthwestern end of 
the Cretaoeoaa belt, and oontinumg to the Dorthwestem end, except- 
ing, honever, that a group of tweoty-oiie wells in the region of Marl- 
ton and Medford will be reserved for special consideration, following 
the others. The wells to be reported are located at Bayside, Green- 
wich, Qainton, Harrisonville, Wenonah, Magnolia, Pavoaia, Phila- 
delphia, Riverside, Boidentown, Hightstown, South Amboy and the 
n^oB around Marlton and Medford, 

With these records there are inserted two Tertioal oioas-sections, 
one illostrating the wells and the stratigraphical strnotare of the 
r^on about Marlton and Medford, and the other showing the same 
for a mach wider belt — being a section from Mnllioa Hill to 
MiUviUe. 

Both these sections show the depth beneath the anrfoce at varions 
localities of the water-bearing sand immedialelj below the Middle 
Mail bed. Such depth is indicated at a number of places where there 
are, as yet, no artesians reaching the Cretaceous; among these are 
Bridgeton, Hammonton and Yineland. 



AltTESIAN WELI£ AT BAYSIDE A2n> aBEENWIOH, 

Notice of an artesian well at Greenwich, with a depth of 690 feet, 
was made in the Annual Report for 1885, and of one at Bayside with 
a depth stated at 160 feet, was made in the report for 1889. 

During the past year, upon the re-arrangemeot of the oolleotjons of 
the Survey in the State Museum, at Trenton, spetnmens from the well 
at Greenwich, from the depth of 360 feet downward, were disoovered. 
An examination of these specimens, microscopioally and otherwise, 
results in some addition to our knowledge. The former report was 
void of information respecting the strata above 360 feet ; this is, in 
part, supplied by the record of the well at Bayside, one and one-half 
miles southwest, and nearly upon the line of strike of the strata. 
The Baydde well records the first 190 feet, leaving an interval of 170 
feet between the depths of 190 and 360 feet of which we have no 
-deeoription. 

The following combined record of facts respecting the two wells, 
describee the stratigraphical struoture of the region so far as known. 
The record of the Bayside well is taken mainly from the report for 
1889, but also includes some additional information that was recently 
furnished by Maskell Ewing, of Greenwich. 
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COMBINED SECTION. 



WEU, AT BAY8IDE. 

38 feet. Harsh mud tc 

2 " Hardcla^ 38 feet « 

Sail traia-. al 

(Flo'ved 18 inchea above the 
level of the marsh and 
probabl7 2 feet above high 
lide) 

Sdt miler again " 

{Ver; salt, cold and dear.) 

39 " Hardclaj 160 " to 

(This claj came np Id little, 
blue chunks almoet as hard 
as chalk.) 

WBLI. AT OKBBMWICH. 

Interval, DO record 190 " " 

Sandj clay. 360 " " 

Claj containing Texttilaria* and 

other foraminifera. 400 " " 

HicaceouB aaady daj' 4E0 " " 

Oreenaand, with ehells '= Qryt^ca, 

also Teltularia and other foramin- 

ifera 52fi " " 

Green and white Band, greeniand 

grains and Coccolithsf 650 " " 

Green and wliite sand similar to that 

at S50 " " 

r«ritt/ario and Coccoliths 680 " " 

Greenish sand. Coccolithe, Texlalaria 

andgreensand graine 600 " " 

Qreensand, with Qryphea shell 625 " " 

Oreenaand 642 " " 

Black micaceous sandy clay 660 " " 

Black micaceous sandy clay 676 " " 

Sandy day, somewhat lighter in 

color, contains Coccoliths at 



Age not determined. 



Id IS one of the genera of the foraminifera, which are minnte forma of 
animal life with calcareous coverings. The forms occurring here are inviaible with- 
out the aid of a microscope. 

^ t^or a description of Coccoliths, see page 177. They are much more minute 
than the Hxltdaria, above noted, and require about six times greater magnification 
to'.aee them aatisfactorily. 
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Bireotty in the village of Greenwich, at a slightly higher elevation 
than that where Job Bacon's well is located, there oocar loose in the 
Boil fragments of rook cootainiDg silicified casts of shells. Similar 
ailicified rock with the same shell casts was enoonntered ia digging a 
well olose hy with a depth not greater than ten feet. These shells 
are of Miocene age. A namber personally collected hy the writer 
were sabmitted to C. W. Johnson, of the Wagner Institate, whO' 
identified the following species : 

Oilrea {pereroMat) Conrad, Nana peralla Conrad. 

Vanttt mereenaria JAnncto). Peelta ep. ? 

Maetra Bp. 7 TarnltUa voriabUu Conrad. 

We are also informed tliat this stone was at one time qaarried in 
the vicinity at the edge of a meadow bordering a oreek. 

These facts considered in connection with the relative position of 
this locality with that of the Miocene shell marls to the northward, 
near Shiloh, and not more than six miles distant, indicate that the 
Greenwich well entered almost immediately beneath the snrfaoe into 
Miocene strata. The hard days described in the Bayside well prob- 
ably represent the great Miocene diatomaoeons clay bed of the 
Atlantic coastal plain. The npper part of the nndescribed interval^ 
between 190 and 360 feet, is also probably Miooenp, but the lower 
portion possibly represents the transition from Miocene through the 
Eocene into the Cretaceous. 

The remaining portion of the Greenwidi boring, viz., from 860 to 
690 feet, is undoubtedly Cretaceous, as is evidenced by the fossil 
shells (Cfryphea) and the succession of strata. 

The abeence of any record or any specimens of the lime sand that 
elsewhere overlies the Middle Marl bed leaves the oocurrence or non- 
oocnrresce here of this marked stratum yet to be demonstrated. 

The specimens in the State Museum corroborate the statement made 
by Prof. Cook in the report for 1886, that "the Middle Marl bed, 
with its characteristic fossils and greensand, was passed at 650 feet, 
and the Lower Marl bed, with its equally characteristic fossils and 
greensand, was passed at 660 feet," Below the latter depth the boring 
was continued into the clay marls. 

Neither the well at Greenwich nor the one at Bayside was sac- 
cestui in obtaining water. It is, however, probable that a reliable 
weli'driller, by the aid of the improved methods more recently in use, 
coapled with the knowledge gained by experience during the years 
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since these wells were put down, woold now be able to develop oDe « 
more horizons within the limits of the depth reached by the wall at 
Greenwich. Other water hor)z'>nB also probably exist still lower, 
both within the clay marls and also at the base of the onderlyiDg 
plastic days. 

ABTESIAM WELLS A.T QDISTOV, N. J. 

ElerMion, 10 feet ; diameter of each well, 6 tnchea ; depth, 24g to 276 feet. 
Witter tieta neB,t\y to the mirface. 

In last year's annnal report, full details respeotiog a boring made 
at Qninton were pabliBfaed. Daring the present year, nine additicnal 
eix-inoh wells have been pat down for the same water company, the 
ooDtraotors and the dvil engineers being the same a? those employed 
last year. Specimens were courteonsly fumiefaed from several of 
these wells. They confirm in every respect the record of last year, 
indadiog the thickness then reported for the first time of over 100 
feet for the lime sand. Ab the record of the well of last year is 
afanoet if not identically the same as that for eHher of the wells of 
this year, that record is here reprinted entire. 

The wells are each six inches in diameter, and are located upon 
gronnd varying somewhat in elevation. The depth of each is as 
follows ; 

Well No. 1, 248 feet; No. 2, 260 feet; No. 3, 256 feet; No. 4. 
263 feet; No. 5, 266 feet;.No. 6, 267 feet, and Nos. 7, 8, 9 and 10, 
each 275 feet. We are informed that the wells are pamped direct, 
and produce about 300,000 gallons of good dean water daily. 



ABTBSIAN WELL AT QCINTON, N. J, 

(Prom last year's report) 

"A six-inch artesian well was bored in the fall of 1892 at Qainton, 
tf. J. It was put down for the Salem Water Com_Mny, under 
sopervision of I. S. Cassin & Son, civil engineers. The drilling 



N. J. It was put down for the Salem Water Com_Mny, under the 
sopervision of I. 8. Cassin & Son, civil engineers. The drilling was 
done l^ Kisner & Bennett Charles W. Casper, President of the 
company, and I. 8. Casein, Jr., cordially furnished notes of the strata 
passed throagh and also divid«l with the writer a series of apeoimens 
that bad been preserved. Farther samples were collected from lumps 
of day that were still lying abont ana whi«h had been thrown 'out 
from a dug well pnt down some years pnviouely to the depth of 
about thirty- five ieet. 
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"After a careful examiDalioo of all the specimBDs and comparison 
with the notes, the following record has been made : 



\ Astringent clay < 
[ Upper marl (?) 



146 



> MiOi2ene. 



I. Clay, with shells 26 

k Green and white 

Biindy, clayey marl, 8 ' 
i. Alternations of lime 

tand and lime rock, 108 ' 

I. Clay : 2 

'. Greensand marl and 

ahell comminnted 

by the drill 14 ' 

J. aay 4 ' 

<. Gray quartzoae aand, 

withtrafar 82 ' 



" The elevation of this well is aboat ten feet above tide. 

" That the clay (No. 3) is Miocene, is shown by the following fossil 
shells foatid in the lamps obtained from the dug well : Xuctna oon- 
tracla, Yoldia limaiula, Corbula tlevata, Aatarte vndulata, Turriiella 
plebeia and numerous fragments of another shell believed to be 
Artemia aoetahulvm.* 

"Shells were also shown in the borings from the drilled well, but so 
thoroughly comminuted as to be entirely unidentifiable, Stratam No. 
4, in the waehed-out borings, appears as a sand, but in the lamps from 
the bottom of the dug well it is shown to be more compact than aand, 
and is better described as a sandy, clayey marl. It contains white 
sand grains and pure greensand grains, with a considerable mixture 
of foraminifera. This stratum probably represents the lower layer of 
the Upper Marl bed. * 

" The alternations of lime sand and lime rock (No. 6), are especially 
interesting, since they unexpectedly reveal a thickness of 108 feet for 
this upper member of the Middle Marl, as (gainst twenty-five feet, the 
maximum thickness heretofore known from outcrops, and which, 
therefore, exhibit only the basal portion of this lime stratam. This 
section consists of an a^regation of Bryozoa, lai^ and email forami- 
nifera and coral. t 

" Stratum No. 6 is the true marl of the Middle Marl bed, and shows 
clustered greensand grains beautifully illustrative of the casta of 
Glob^rina, which they really are. This greensand oomes out so 
pure that it is called, by well-drillers, " powder-grain marl." With it 

'Later examination haa discoTOred also Veneruxirdia {Oardita) granvlala, 
t This bed is judged, from the character of these fossil remains, to have been de- 
posited close to the shore of the ancient Cretaceous sea, and at a depth of not, per- 
haps, over 100 feet, At all eveats, no trace of a deep'Sea deposit is shown in the 
boiiogB, aa Dr. W. H. Dall writes, after ezaminiag some of the material which had 
been sent him. 
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is seen some finely-conuniDated shell, probablr from tte Terrebratuta 
layer that is so generally ebown ia outcrops of the same marl, 

" The lowest ten feet of the lime sand and all the andeilTing strata, 
Nob. 6, 7, 8 and 9, oorrespond with beds penetrated by tbe wells at 
Woodstown, between the depths of 8 and 134 feet. No. 6, however, 
shows a dififerenoe in oomposition — here it is a thiaclay seam, there 
it beoomes a oorreepondingly thin oement«d shell rock or coquina. 

" The water, both at \^>odstown and Quinton, is obtained from a 
pure, clean sand, No. 9 in above record, showing at both localities a 
thickness of eighty feet. This is the equivalent of the so-oalled red 
sand bed that occurs below the Middle Marl, At outcrops its color is 
frequently reddish, but in these wells it changes to gray. 

" This water horizon has also been opened by a well one and three- 
auarter miles southeast of Mullica Hill, and is doubtless quite exten- 
sive. It is probably identical with the one at Asbury Park below 
the Middle Marl or at the depth of 425 feet from the surikce. The 
bed, however, seems to thicken in this more southern r^ion, where 
it famishes a lai^ supply of good water. The yield at Quinton is 
stated at aboat fifty-five gallons per minute, and at Woodstown at 
about sixty gallons. The wells at both localities have a diameter of 
six inches. The elevation of the surface at Quinton is about ten feet, 
And the water rises to within one foot thereof. This sand bed should 
be expected to yield a good supply at Glassboro and eastward and 
southward therefrom." 



ABTBBIAN WELL AT HABBISOltVILLB, 
Elevation, 120 feet ; depth, 122 feet ; diameter, 1} iDches. 

During the summer of this year a well was pnt down by Charles 
H. Leach for Joseph Cheeseman, one mile east of Harrisonville, the 
elevation of the sur&ce being 120 feet 

The father of Joseph Cheeeemao had formerly a dug well on the 
flame spot with a depth of eighteen feet which answered for water- 
snpply until the surrounding woodland was cleared off, when it 
became necessary to deepen the well, which was done by dicing to a 
-depth of fifty-five feet from the surface. The most of the interval from 
eighteen to fifty-five feet was through what is described as a "bad- 
emelling bine day." The present boring, which has a diameter of 
one and a half inches, was commenced at the bottom of the fifty-five- 
foot well. The record of strata compiled from the information fur- 
nisbed respecting both the dug and the drilled wells, and after com- 
parison with specimens of the borings from the latter, is as follows : 
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Snperficial graTcl, with pebbles large as walnnld 
■nd larger, some etreab of jellow clay at the 

bottom 18 feet. FleUtoceoe-. 

Blnuh clay 37 " 56 feet. 1 Miocene (7> 

"Blnub-greeD, mnddy, marly clay" 25 " 80 " ' 

White quartzne und, wilh greensaQd grains .... 10'" 90 " 1 
Alternations of lime sand and lime rock, com- 
posed largely of Brjozoin aad foraminiCenu... 28 " 
Quartzcse sand, tcattr 4 " 122 " j 

There h said to be plenty of water in the foar-foot etratam of sand 
at the base. The supply eviclentlj oomes from a eaad interbedded 
withio, bat probably near the base of the lime saad that overlieB the- 
Middle Marl bed. This lime sand bat a few miles to the eastward 
hae probably a thiokaesa of 100 feet, oorreeponding with that revealed 
at Qaintoa. See page 194. 

ARTESIAN WELLS AT WKNOlf AH. 

Elevation, 10 feet; depth, 196 feet. 

Daring the year, two wella, each three inchee in diameter, were- 
bored by Kisoer & Bennett to eapply the water wmrka at Wenonah, 
Each well has • depth of 196 feet. They are both located opon the 
flood plain of a small tributary of Mantna creek, at an elevation of 
about ten feet above sea- level. 

These wells are about one-half mile northwest of the well reporlect 
last year as having been put down by Oroutt Bros., at the Wenonab 
Hotel, to a depth of 345 feet, the elevation of the aurfaoe being about 
seventy feet. 

The wella now under notice missed, in conseqaence of their lower 
position, the flfby-two feet of anperficial loams and gravels of Quater- 
nary age passed throngh by the previous well. This gravel has been 
eroded by the stream from the locality of this well, bat is beautifully 
shown higher up in the railroad cat made through the hill wbicb 
forma the west bank of the small valley ocoapied by the stream. 

The record of each well is as follows : 

Hanh mud... 8 feet =; feet to 8 feet. Recent. 

Green sand 2 " = 8 " " 10 " I 

BlDiah clay.. 164 " = 10 " "174 " V Clay marls— CretaceOM. 

Saod with water 22 " = 174 " " 198 " J 

*The thicknesa of this stratum is estimated; it may possibly be thinner. Its- 
occarrence is known frota a specimen taken at the depth of eighty feet, said to be- 
next below the "bluish-green marly clay." 
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The water tisea to within eiz feet of the enrfaoe. This water 
t)oriz)D is higher stratigraphically tlum that opened by the well of 
last year. It ia a bluish-gray, coaree eaod withio the clay marie and 
ie donbtlesB the eqaivalent of the thirty-fire feet of strata described in 
the well of last year as " gravel in etrcaks " between the depths of 
246 and 280 feet The lower'water horizon described last year as 
"caarse sand and gravel," between the depths of 318 and 341 feet, is 
probably at or near the base of the clay marls. 

The relatione of these wells and of the one bored last year to each 
other and to the well at Sewell, reported in the year 1891, are shown 
in the annexed section. 

ABTE8IAN WELL AT MAGNOLIA. 

EbvatioD, 91 feet ; depth, 91 feet. Water rises to within 36 feet of tlie surface. 
An artesian well wae put down [near Magnolia station, on the 

Reading Railroad Company's roate to Atlantic City, at a distance of 

eight milee, in a direct line, from the ferries at the foot of Federal 

«nd Market streets, Camden. 

The following record, copied verbatim, was furnished by W. B. 

KeUy: 

Yellow clay and saod 4 feet = feet to 4 feet. 

Blue marl....; 32 " = 4 " " 36 " 

Coarse white sand, with water in it. : 5 " ^36 " "41 " 

Coarae white gravel, with water in it 16 " ^41 " "56 " 

Hard [stratam] like time, with ehella ; these shells 

had ridges on them ; the edges were scalloped 3 '' =58 " " 59 " 

Black sand, with marl grains 15 " =69 " " 74 '■ 

■Gray sand and shells cemented together, with a sub- 
stance like lime ; the strata would change about a 
foot apart. 10 " =74 " "84 " 

Very dark, gray sand, with plenty of water 7 " ^84 " " 91 " 

W. R. KeUy remarks that the shells found in this well are different 
from those near the bottom of the well at Laurel Springs, and which 
belong to the Middle Marl bed. These probably represent the 
jjower Mart, 

ABTBSIA.N WELL AT FAVONIA, 

A siz-inob artesian well was bored by W. C. Barr, at the Camden 
Pumpiog Station on the Delaware river. This well is located on the 
tneadowB at the corner of Delaware avenue and Union street, and 
diear the foot of Fulton street. 
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W. O. Barr fatniehed specimens of the borings and also the follov- 
ing record, which we sapplement with our own notes upon the right : 

Black river mud 39 feet. 39 feet Kecent— contaiui diatonu. 

Yelloiv and red mottled plas- 
tic clay 10 " 40 

Red clay 23 " 72 

White aand 6 " 78 

Large, coarse gravel 5 " 83 

White sand 2 " 85 

(Water in this rises to within 
IJ inches of the surface.) 

Oravel and sand 4 " 89 

White clay. 1 " 90 

Largegravel 8 " 68 

(Water in this gravel, which 
only rose to niihin 34 feet 
of the sarface.) 

Gravel, clay and sand 16 " 104 " 

Soft [disintegrated] rock,.,. 8 " 112 " 

Then hard rock was encountered and the boring was disoontinned. 



AKTESIAK WELL CUBSEB OF LAUREL ATTD BEACH aTBEBTS^ 
PHILADELPHIA. 

Sunk through the base of the Cretaceoua series of New Jersey. 

W. C. Barr furniBhee the following interesting record of a welt 
bored at the ooraer of Laurel and Beach streets, near Shackamazon 
street ferry, Philadelphia, and about one and thne-qnarter miles 
slightly north of west from the well just reported at Pavonia : 

Coarse gravel and sand (o 68 feet. Pleistocene. 

Red clay 16 " 74 feet, i 

Gravel 4 " 78 " V Potomac gravels — Cietaceous. 

Rock day. 2 " 80 " J 

Drilled into solid rock 228 " 308 " andohlainedssuppljofgcodwatei. 

After a personal interview with W. C. Barr, when he explained 
more fully the nature and color of the sixteen feet of red clay noted 
above, the writer is eatistied that the red clay and underlying gravel 
belong to the basal strata of the New Jersey Cretaceous plastic clay» 
and their underlying Potomac gravels. 
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ABTESIAK WELLB AT BIVEBSIDB. 

Oa« Uflt-boring into crystalline rock, depth, 92 feet ; and eight other -weWe, depth 36 
t« 40 feet ; diameter of each, 6 iDches. 

Bnring the summer a teet-boriDg was made by Eianer & Bennett 
for the Riverside Water Company. By the co-operation of the 
officers of the company and the oontraotors, epecimene of the borings 
were obtained, accompanied by notes respecting the strata. 

The following is the reoord, with some notes added by the writer : 

. Yellow claf and pebbles surface to. 8 feet. 

Sand and gravel, orange color 6 feet = 8 feet to 13 " 

Gray qnictsand, cooiaius fossil PirmulaTia and other 

freslfaater dialomt. 23 " = 13 " "86 " 

Gray quicksand, with water 6 " ^86 " " 42 " 

White sand and white clay mixed 8 " =42 " "48 " 

Sand and black mica (when wet the latter resembled 

graphite) 10 " =48 " " 58 " 

Disintegrated rock, very micacecuB, black mica. 17 " = 68 " " 76 " 

Hard, micaceous rock 17 " =76 " "92 " 



Further work on this well was abandoned. Sabsequently the 
came contractors put down eight other wells, each six inches in 
diameter, to an average depth of thirty- six to forty feet, developing 
the water-bearing sand indicated above, between the depths of thlrty- 
eix and forty-two feet From these collectively, we are informed, 
there is obtained 250 gallons of water per minute. 

It is interesting to note how near the surface the crystalline rocks 
are found at this point. Slightly south of west across the river 
and almost directly in the line of strike of the crystalline rocks in 
Pennsylvania, the same rocks rise to the surface and are extensively 
quarried at the Philadelphia Honee of Correction, near the mouth of 
the Pennypack. The white eand and white clay noted above at forty- 
two to forty-eigbt feet are indicative of a thin stratum of the plastic 
clays of the Cretaceous. In one of the other wells a thin stratum of 
ted clay, alike characteristic of the plastic clays, was also found. 

These wells are sitn&ted at the edge of the upland facing the Ran- 
cocas creek, near its mouth. The strata above forty feet are com- 
paratively recent geol(^cally. The gravels near the surface have 
been probably worked over from higher ground and redeposited upon 
the quicksands which overlie the water-bearing stratum. 
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ABTE8IAJT WELL AT B3BDENT0WH. 

Leaoh Bros., of Glassboro, report the following record of a well 
put down by them at s boat-hoose at Bordentown : 

Surface 4 feet. 

Band, water at 18 feet.. 4 feet lo 18 " 

White clay 18 ■' " 25 ' 

Fine sand 25 " " 67 " ) 

Blue sand, with lignite; viaUr I 

irony 67 " " 64 " | 

AltemationaoflhiDseamBor clays i 

andsaads 61 " " 84 " i 

White sand, vxUer irony 84 " " 90 " 

Alternations of sanda and clays.- 90 " " 1U2 " I 

White eaod, water irony 102 " "107 " J 

Compact clay 107 " "121 " 



Clay marb — Cretaceoua. 



At thia depth the boring was stopped. This well probably entered 
the top of the plastic olaya, at whose base good water may be expected. 
The water- yielding sands penetrated are impregnated with iron by 
the clay marls which immediately overlie them, and which do not 
furnish a good quality of water. 

ABT&aiAN WELLS AT HIQHTSTOWM. 

Well No. 1. Elevation 108 feet, depih 76 feet. 
" No. 3. " 108 " '■ 500 " (Entered cryatalline rock at 482 feet.) 

•' No. 3. " 88 " " 428 " 

At HightstowD there have been drilled three wells for the Peddie 
Institute, the elevation of tbe surface and the depth of each well being 
as stated above. Well No. 1 was put down some years since, and is 
located at the bnilding of the Institnte. Of this well we have not 
been able to obtain a record. Well No. 2 is likewise located at the 
Institnte building. It was drilled by Uriah White the present year 
(1894), and was prospected to the crystalline rocks, which were fonnd 
at the depth of abjnt 482 feet. At 500 feet the boring was disoon- 
tinaed. Well No. 3 was subsequently bored by the same contractor 
and finished at the depth of 428 feet, finding a supply of water in 
some coarse gravels and sands that occur near tbe base of the plastic 
clays. 
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From the evidence afforded hy a Beriee of Bpeoimene of otays, sanda 
and (gravels, taken at various deptbe from Well No. 2 and kindly 
furniBhed by the contractor, it may be stated that after passing the 
euperficial Bands this well penetrated the base of the clay marls, and 
at a depthj as near as may be judged, of about 200 feet, passed into 
the plastic day series, in which it continued until the crystalline rock 
was reached at 482 feet, as already stated. Some coarse sand and 
gravel were foaod below the base of the clay marl and a short dis- 
tance beneath the top of the plastic clays, and between the deptlis of 
240 and 266 feet 

Still coarser gravels and sands were found at or near the base of 
the plaatio clays at depths ranging from 385 to 436 feet. It is from 
this stratam that Well No. 3 draws its supply. 

Some lignite occurred at the depth of 176 feet The crystalline 
rook showed much white quartz, some mica and a few small garnets. 
A thin film at the surface of the rock at the depth of 482 feet was of 
an iron-rasty color. 

ABTESIAN WEIX AT SOUTH AHBOY. 
Elevation, 25 feet. 

W, C. Barr, of Camden, forwarded the following record of a well 
put down by him at South Amboy for the Pennsylvania railroad. 
He also ihrnished specimens of the borings : 

Top Dond, dark, surikce to 2 feet. 

Yallow gravel 6 feet = 2 feet to 7 " 

Bed Btmd 9 " = 7 « " 16 " 

BIued«y_ 6 " =16 " " 22 " i „, . , 

Black clay 66 « = 49 " "105 " J 

An examination of the specimens shows that all below sizteeo feet 
and possibly all below seven feet belong to the plastic clay series at 
the fc«8e of the Cretaceous. 
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BBCTION FEOM NEAB MnLLICA HILL TO WINaLOW, BBIDGBTON, 
HAHMONTON, VINBLjUH) AND HILLVILLE, ILLDSTBATINO 
TEE DEPTH TO THE WATEB-BEABIVa BAND BBNSATH THE 
MIDDLE MABL BED. 

Upon projecting and plotting to a veitical scale along a oommoD 
northwest and Boatheast section line and at their proper relative 
distances apart, the borings at Woodstowa and near Harrisonville 
apon the northwest, and at Glaieboro and Quinton apon the eouth- 
eaat, we have presented a complete vertical section, two miles in 
horizontal extent, showing consecutively the beds from the Pleisto- 
cene gravels at the surface through the Miocene clays and the varions- 
lime, marl, sand and clay^ marl strata of the Cretaoeons to the top of 
the plastic clays that form the basal division of the groap of bed» 
belonging to the last-named age in New Jersey. Sach a section shows- 
a dip of thirty-seven feet per mile southeast for the shell and belem- 
nite crust or rock layer that separates the base of the Middle Green- 
sand Marl from the top of the qaartzose water-bearing sand beneath. 

Upon extending the section to the northwest, so as to include the 
wells at Marlton and Medford, and continuing upward in that direc- 
tion the line marking the shell and belemnite cmst, it is found to- 
coincide at the proper depth with the shell oruat above the water- 
bearing sand in the last-named region. Continuing again the sectioa 
in the opposite direction, to the sontheait, and plotting thereon the 
boring at Greenwich, and extending at the same rate of dip the line 
marking the shell crust, said shell crust likewise coinddes at the 
proper depth with the shell stratum reported by Prof. G. H. Cook as 
associated with the Middle Marl in the well at the last-named place. 
Such a section as that just described has been constructed and is here 
inserted. It shows for a distance of thirteen miles a regular and per- 
sistent dip of about thirty-seven feet per mile. 

The section commences at the locality of Thomas Borton's well, 
near Mullica Hill, and continues southeaetwaidly across the strike of 
the strata, and indeed includes a somewhat wider belt than that above 
defined, being extended on the southeast so as to take in the localities 
of Winslow, Bridgeton, Hammonton, Ytneland and Millville, at each 
of wbioh places, as marked on the section, a dotted vertical line is 
projected downward to meet the line of the before -mentioned 
belemnite and shell layer, and show at each of these localities the 
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prob&ble depth to the top of the sixty-foot vater-yielding sand oezt 
below the Middle Marl. 

The earliest deep artceiaa well in the State is at WisBlow, bat it 
Btops in a higher sand, and therefore does not reach thie stratam^ 
while the deepest of the two unsaccessfal borings made a few years- 
since at Greenwich and noticed in this paper, passed through thifr 
horizon, and probably failed to develop it from causes not then to be- 
overcome, but which may now be controlled, 

Arteaian Wslls in the Vicinity of Uarlton and MedfOrd. 

Id the vicinity of Marlton there have been bored, during the last- 
two decades, a considerable nnmber of artesian wells, most of which 
are within three miles to the eastward, though a few are within the 
same distance to the sonth and southeast. 

There are also a few bored wells at Medford and within a distanofr 
of two miles north and northeast thereof. These latter wells are so 
aitnated as to be directly in the line of strike of the strata with those 
near Marlton. Bnt few of these wells have been heretofore reported 
in the publications of the Survey. All that have come to the knowl- 
edge of the writer in thie r^on are described in the following pages,, 
including those to which reference has been made in past annuai 
reports. In these cases the place of snob reference is noted. 

Wells in this region, after passing through a greater or less thick- 
ness of superficial sands and gravels of Pleistocene age, and in some- 
instances also of some underlying depoHts belonging to a somewhat 
earlier period, penetrate entirely through the Middle Marl bed and & 
crust of fossil shells at its baee two to six feet thick, beneath which is- 
found a gray sand with a plentiful eupply of excellent water. Thfr 
shell crust contains the valves of an extinct oyster {Eeogyra eostaia. 
Say.) which has a twisted or curved beak, and also certain dgar- 
shaped fossils called belemnit«s (technically, BelemniUlla muorontUa 
Sohlot.) These two fossils are characteristic of the Lower Marl and 
its overlying sand, the so-called red sand bed, described in the 
Gleoli^ of New Jersey, 1868. The crust is evidently on top of 
the water-bearing sand and forms an impervious layer that prevents- 
the percolation into this sand of the unsatisfactory water held In the 
overlying Middle Marl bed. The quality of the water is said to 
vary in the different wells, but the writer believes that if the casings 
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«re properly pdt in, eo as to completely shut off contamiastioD with 
water from the saodB and m&rls above the shell crust, that the supply 
will be found uniformily good and desirable. 

A ctoes-section of this region, drawn to scale, is here introduced. 
43ee PJate X. It shows the relative position of these wells to each 
other across the strike of the strata, the section line being drawn 
from northwest to southeast through Marlton. It also shows the 
-elevation above sfa-level of the surface at each well, and likewise the 
^eptb of each and the beds passed through. Three wells to the 
southwest of Marlton, vie., at Woodetown, Qibbsboro and Harrison- 
ville, are also projected in their proper poution among these wells. 
The section shows very graphically that, except in four instances, all 
^he wells draw from the same water horizon, and that the dip of the 
■crust is about thiriiy-aeven feet per mile to the southeast. 

The four wells excepted are those of Mrs. John Wilkins and Isaac 
W. Stokea, which extend deeper, and those at Gibbaboro and Har- 
nsonrille, which stop higher up. 

Mrs. John Wilkins* well draws from a sand some 200 feet deeper, 
sear the base of the day marls. 

I. W. Stokes' well is supplied from a sand about 100 feet deeper 
than the shell crust, but which horizon the writer would consider as 
firactically the lowest stratum of tiie same water-bearing (ted?) 
«and bed. 

The wells at Gibbaboro and Harriaonville are furnished from loose 
strata within the alternations of lime sand and lime rock next above 
the Middle Marl. It is doubtful if this lime sand will furnish 
everywhere a eatisfactory quality of water. Such wells should prob- 
ably be continued some sixty or seventy-five feet deeper to the sand 
4}eneath the shell crust. The close approach to this sand can be sur- 
mised, when sinking wells, by the appearance of the before-mentioned 
helemnitee in the borings. 

At Joseph Evans' a first and unsuccessful boring was projected a 
-considerable distance into the clay marls. 

Specimens from Joshua S. Wills' well, and from the wells at 
Woodetown and Quinton, show the occurrence of the lime sand that 
overlies the Middle Marl bed. This lime sand can be reo(^nized by 
|>eculiar perforated, elongated, flat, calcareous bodies called Bryozoa. 
At Quiuton this sand is over 100 feet thick, while in this region the 
greatest reported thickness is about twenty-five feet. 
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The wells of this region will now be reported in detail. They are 
situated at twenty-one localitiee, and are all bored wells except thoee 
at LocQBt Grove, which are dng wells. The wells are reported m 
the order of their occurrence apon the iiip of the beds, those first- 
noticed being farthest back npon the dip. 



DUa WELU TWO UILE8 WEST OF HIBLTON, ON THE PABU 
OP BLLWOOD BVAHB, AT LOCTOT GBOVE. 

Elevation, 90 feet; deplh, 32 feet. 

Ellwood Evans states that upon his farm, near Locust Grove sta- 
tion, there are five wells with depths varying a foot or two, more or 
lees, from thirty feet, aooording to the elevation of the earfitoe. 

One of these wells is very nearly upon the ninety- foot eontonr line^ 
and has a depth of thirty-two feet. At thirty feet a stony crusty 
aboat six ladies thick and containing belemnitee, was enooantered. 
There was no water jost above this omst, but in a reddish sand 
immediately below, there is an abundant supply and of excellent 
quality. 

This belemnite crnat representa the same stratam that is noted in- 
tiie pages immediately following as having been passed through near 
the base of all the wells in the r^ioo under consideration, of whiob 
we have Aill and aathentio records. 

The relation of this crust to the base of the wells la graphically 
shown in the aooompanying vertical oroes-seotion. The water-sapply 
comes from the so-called red sand bed, as described by Ptof, Geo. H. 
Cook in the Geology of New Jersey, 1868. 



ARTESIAN WELL AT MABLTON N. J , AT TEE BEBIDEKCE 
OF C. B. CHEW. 

EleTfttion, 110 feet; diameter, Clinches; depth, 86 feet. Water hbm within 24 

feet of the surface. 

The following is copied Itom the Annnal Report for 1885, page 131 ; 

"At MarltoD, in Burlington county, an artesian well has been 
bored for Charles B. Chew, Esq., by Mr. Goldsmith Wilmot, of 
Haddonfield. The well is eighty-six feet deep and with a bore of 
five and five-eighths inches, and has been sunk through the Middle 
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Marl bed and down into a sandy layer in which the well ends. 
Unfortunately the notes in relation to toe successive layers of material 
passed throngh are lost. Id general, however, they may be described 
«s follows: 

Loam and gravel la the marl 20 fe«t ^ 20 f«et. 

Black marl 6 " =25 " 

GreenBand marl lS-20 " =46 " 

Chocolate marl 6 " =52 " 

Thin stoay crust 

Chocolate mwL 6-7 " =59 " 

Sard, black Band, nhidi gradnallj grew lighter, until it 

became white. About 2 or 3 feet from the bottom struck a 

vetj hard boulder, and drove the casing through it. 

Total depth 86 " 

" The water rose within twenty- four feet of the surface. The well 
was then tested with a pnmp driven by a steam engine, and the water 
was not lowered an inch after running the pnmp steadily for eight 
bonrs. The qnality of the water is good ; its .temperature is firey- 
three and one-half" d^reee." 

The so-called "hard boalder" near the base is undoubtedly the 
«ame shell oruat containing betemnites that is not«d in most of the 
following records of wells in this region. 



ABTS8IAN WELL IN MABLTON, AT THE BEfilDENCE OF 
BAHDEL LIPPfNOOTT. 

Elevation, 110 feet ; diameter, 5 inches ; depth, 105 feet. Water rises within 18 
feet of the surface. 

The following record is furnished by W. C. Ban- : 

Top Boil 16 feet = 15 feet. 

YellowBand 6 " = 21 " 

■Black mad 2 " = 23 " 

Graj marl... S " = 2S " = Lime sand. '] 

^reenmarl... f'^.'^f'' {= Middle Marl, t Cretaceous. 

ChooolaUmarl 32 " = 80 " ) j 

■Gray sand and water 25 " = 105 " ^ Hed sand. J 

The writer has been shown an internal oast of a small oyster, prob- 
ably Oryphea Sryani Oabb., that was obtained from this well and a 
number of nodular spedmens of the mineral vivianite, Theae have a 
bluish oast, and on a freshly-fraotnred sorfaoe present a metallic 

"The temperature is now 58 d«gTe«a. 
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appearance. Chemioally they are a phosphate of iron. Both the 
oyater and the viviamte undoubtedly came from the Middle Marl bed. 



ABTESIAN WELL IK M&BLTON, AT THE BESIDESCB OF 
HENBY BRICK, 

Elevation, 110 feet; depth, 86 feet; 

This veil was bored by Stothoff Bros. It ia located upon the 
main avenue in Marlton, and near the eastern end of the village, and 
abont two blocks from the well of C B, Chew. The ground has the 
same elevation, 110 feet, and the well the same depth, eighty-six feet, 
«s C. B. Chew's well. 

No details of strata for this well have been received. There are, 
however, still preserved specimens of two species of oysters, Shiogyra 
eoitata Bay, and 6rypAeo vcnou^rw Lamarck, tbat,JQdging from their 
iron-rosty color, probably came from the shell cmet that is noted as 
oocnrring above the water-bearing sand in most of the records of the 
wells in this r^iou. There is also a specimen of another oyster, 
Grypkea vomer Morton, that may possibly have come from a somewhat 
higher level. It is not so rusty in appearance and the shell has some 
of the greensand matrix attached. Specimens of vivianite, a mineral 
quite common in the Middle Marl bed, have also been shown to the 
writer. 



ASTBSIAN WELL THBBB UILE8 SOUTHWEST OF HABI^X)1!I, 
ON THE PBOPBBTY OF HBS. JOHN WILKINS. 



This well was noted iq the Annual Beport for 1885, page 133, and 
«rroneoasly stated to be "sontheast of," instead of sonthwest of 
Marlton, from which it is distant about three miles. It is upon ^a 
property of Mta. John Wilhins, and is very nearly on the line of 
strike of the strata with the wells of C. B. Chew, Samuel Lippincott 
and Henry Brick, in Marlton. 

W. C. Barr furnishes from memory the folh>wing general deaorip- 
tion of strata: 
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Top soil BDd quickBBiid, inclDding 2 feet of iron crust. 30 feet = 30 feet. 

Marl, including 4 feet of coarse sand, with mter not good 78 " ■ = 108 " 

Green quicksand : 120 " =228 " 

Blue clay 98 " =816 " 

Coane yelloir eand and gravel, with plenty of good water. 



ABTBSIAN WELL NEAB HABLTON, N. J., ON THB FABH 
OF AMOS B. WILLS. 



Id the Bpring of 1890, Stothoff Broe. pat down an arteei&n well 
on the property of Amoe. B. Wille, five-eighths of a mile eoath of 
Marlton. A enpply of water was obtained at the depth of eigbty- 
foor feet. Ho spemmens were preserved, and no record kept of this 
well It, however, probably diaws its eapply, in part at Ita^ from 
above the shell crnst that oovers the top of the red sand bed, since 
die water is quite irony. The well next described, whiob ia soaroely 
one- quarter of a mile distant, famishes good water, probably because 
oommoaioatioii with the water above this shell crust is completely 
shnt off. 



ABTEBIAN WELL ON THB FARM OF SAMtTBL J. EVES, 
NBAB MASLTOK, N, J, 



About theyeat 1891 or 1892,aD artesian well was drilled by Stott- 
hoff Broe. on the farm of Samnel J. Eves, three-quarters of a mile 
eoath of Marlton. 

Mr, Eves recently famished from memory the following descrip- 
tion of the soeoeEsion of strata, but without notes as to tbe respective 
thickness of each stratum : 

No. 1. Between a light and a heavj loam, 

2. Gravelly soil. 

3. Qnickaand. 

4> Dark materia], someirliBt like marl. 

5. Broken shells, like oystcra. 

6. 8alt-aud-pepper sand, with good water and plenty of it. 

Total depth, 114 feet. 
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SpetnmenB of the salt-aDcl-pepper sand at the base ehow vhite 
qoartz grains, glauoonite or greensand grains, fragmente of belemmtes 
and a few foraminifera of Rotsline forms such as have been foand 
in the Cretaceous elsewhere. The water is of excellent quality and- 
andoubtedly oomes from the red (?) sand bed beneath the shell crust- 
that separates that bed from the overlying Middle Marl bed. 

AKTESIAN WELL EAST OF HAELTON, UPON THE FABU 
OF J. W. BARE. 

Elevation, TO feet; diameter, 3 inches; depth, 6S feet 

W. C. Barr writes that he has sunk the past year s three- inch 
■well for his brother, J. W. Barr,- on the road from Green Tree 
(Evesboro) to Medford, and about two and one-half miles southeast 
of the first-named locality, and about two miles east of Marlton. He. 
sends the following record ; 

Soil and green da; 10 feet ^ 10 feet. 

Coane sand and gravel 10 " =20 " 

Black and green marl 14 " ^ 34 " -i 

Chocolate marl ; 30 " = 64 " [- Middle marD 

Shell cruBt, with SrimmiKs 4 " = 68 " J 

Sand, water-bearing. Bed sand bed^ 

Specimens of this last stratum were also thoughtfully furnished: 
It is made up of greensand grains (globigerina oasts) and white 
quartz grains with a lai^ miztnre of broken fragments of shells. 

Among these are fragments of some ponderous oyster, doubtless- 
from their stratigrapbical position, either an Exogyra or Oryphea ; or- 
posnbly both. There are also fragmente of a Peda^ and unmis- 
takable fragments of belemnites,"' a cigar-shaped fossil. 

These fossils show that the water horizon is at the top of the so- 
called red sand bed and beneath the Middle Marl bed, 

*Bdemnildla rmteronota Schlot. 
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-ABTESIAN WELL THBBB MILES BAST-KOBTHSAST OF HABLTOK, 
ON THE FABM OF JOSIAH BALLENGEB. 



This well was put down in the fall of 1889, by Stottboff Broe.^ 
from whom we learn that after pasaiug aboat fortjr feet of marl in 
diderent layers they " foaod at the depth of seventy feet shells and 
little stems," the latter undoubtedly belemnitee. The well was drilled 
to the depth of seventy-six feet, stopping in a clean, whitish sand. 
The water rose in the well to within abont ten feet of the surface. 
It is of good quality. 

ABTESUK WELL BOBED FOB IBAAO W. STOKES, AT UBDFOBD. 
EleTation, 76 feet ; depth, 183 feet Water rues withiD 17 feet of the tnrfoce. 

This well was noted in the Annual B«port for the year 1892, bat as 
it presents upon the aooompanying vertical section the feature of an 
additional water horizon stratigraphically lower than that shown by 
any other well in the vicinity, it is again brought to notice. 

The following is taken from stud report, p^ 302 : 

" This well was bored in 1889 (see report for that year, page 89) 
to a depth of seventy feet, but was continued the past year to 183 
feet. The record is made up from the former annual report to seventy 
feet and below that from notes and specimens of the earths furnished 
by I. W. Stokes. The continuation of the boring was done by Stot- 
hoff Bros. 

Sand and earth 15 feet. 

(1) Msrl 30 " 46 feet. 

Sand, vaiying. 15 " 60 " 

Shelly lajere 4 " 64 " 

Coaree gray sand {tail«r trony) 6 " 70 " 

(Depth of fiist well.) 

(2} Green marl 15 " 85 " 

Black quicksand 25 " 110 " 

(3) Mar] 11 " 122 " 

Quicksand. 86 " 157 " 

(4) Marl (fourth stratum), at .'. 170 " 

Sand, some clay 5 " 175 " 

Sand, some claj (mder good) 2 " 177 " 



(Cased to 17S faet.) 
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" Isaac W. Stokes writes that ' the water is first-class, and rises to 
within seventeen feet of the sarfaoe,' and that 'the supply seems 
inezhauBtible.' " 

Quite recently I. W. Stokes ^ain writes that " the flow (supply) 
-oontjnues unlimited and the water nnsurpaseed. Ezoellent." 

The irony water noted at seventy feet probably oame in lai^e part, 
at least, from the greensands jnst above the shell croBt that separates 
ibe Middle Marl from the red sand bed. 

The water horizon at 179 feet, now utilized, is probably near the 
ftop of the clay marls. 

ARTESIAN WELL TWO MIU» KA8T OF MABLTON, ON THE 
FABU OF BENJAMIN COOPEB. 

Elevation, 60 feet ; diameter, 6 inches ; ds^ith, 77 feet. Water rises within 
4 feet of the sarface. 

This well was recently brought to the writer's notice by J. W. 
Barr, who bored the same, and who states the depth to be 77 feet. 
This well was reported in the Annual fieport for 1885, page 132, but 
its depth is there given at 70 feet. It is quite probable that the 
■casing was driven to only 70 feet, and that the drill penetrated to the 
depth of 77 feet The following, written 1^ Prof. Geo. H. Cook, is 
taken from the report for 1886 : 

"At the form of Benjamin Cooper, two miles east of Marlton, in 
Burlington county, an artesian well has been sunk, which supplies a 
large quantity of exceptionally- good water. It is looated over the 
Middle Marl bed, but the water is evidently drawn from a sand bed 
underneath that bed of mart. The materials passed through, as re- 
ported by Mr. Cooper, are — 

Upper soil 28 feet = 88 feet. 

Ironslone (sand and oiide of iron) 8 " ^31 ■' 

Oleensand marl 1 " ^32 " 

Irotwtone 1 " =33 " 

Oreensand marl, black and chocolate marl (ao accurate account 

kept of each) 19 " =52 " 

Clean black sand, with white specks U " =66 " 

Btopped in open coaise sand [whitish], with belemnitefi i " ^70 " 

"■[Water t)eftring sand 7 " ^77 " ] 

"The well was tubed with a 6 inch pipe, and the water rose in it to 
within 5 feet 7 inches of the sarfaoe, and remained at that point until 

"The words in brackets are introduced bj the present writer. 
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the wat«r was pamp^ freely, after which it rose to 3 feet 10 inches 
from the snrface. The water ib clear and soft, and of excellent qual- 
ity for all hoasehold parposes. Its temperature is 54 degrees. Mr. 
Cooper has erected over the well a 12-foot turbine windmill. Afler 
running the pump for three days, with a good wind during the day, 
at no time was the water lowered more than three inches, though the 
pump was' showing a steady inch stream." 

In a recent interview with Senjamin Cooper we were informed that 
the level of the water, the temperature and the quality are still main- 
tained. He also states that there is a difTerence In the quality of the 
water from the various wells near Marlton and Medford ; that some 
of tlie wells have not E>een oontinned and cased deep enough, but 
were stopped within the above-described " black sand with white 
specks," which was entirely cased off in his well. This bhick sand,, 
he says, does not fnmish as good water as the whitish sand below it. 
In proof of the difference in character of the two sands and their 
inflaence upon the quality of their contained waters, he instances the 
fact that at the time of the occurrence of the earthquake, in the year 
1884, the water in a well that was stopped in the black sand was 
made tn%, while the water in his own well was made mUl^ in ap- 
pearance. 

ABTE81AN WELL NBAS MAHLTON, N. J., ON THE PAEM OF 
AMOS EVENS. 



Some years since a well was put down on the farm of Amos EvenSr 
near Marlton. 

The data at the heading above were fnrnished by W. C. Barr.. 
The well draws from the same water horizon as the other wells in 
this r^on. 

ABTESIAJ7 WELL TWO MILES EAST OF MABLTON, AT THE 
BBSIDENCB OF WILLIAM B. OOOPEB. 



W. C. Barr informs that he drilled a five-inch well at William B. 
Cooper's. This well is northwest of Benjamin Cooper's well a dis- 
tance of one-eighth of a mile. In both wells the black sand with 
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vhite specks wae met with and cased off. This sand is said to maoh 
reeemble the blaok sand formerly used for sanding Jraahly-made 
writing before the introdaction of blotting paper. In both wells Uie 
flftme depth of seventy- seven feet was reached and both fiirnish the 
same quality of especially- good water. 

AKtzeiAN WELL SEA.B HABLTON, ON THB FABH OP 
WV. J. EVAlfS. 

Elevadoii, 100 feet ; diameter, S* inches ; depth, 121 feet. Water rUee 
within about 20 feet of the surface. 

W. C. Barr famiehes the following record : 

Depth of well when boring comm^iced 24 feet. PleiBtOMne. 

Black marl 16 feet = 40 " Upper Marl (?) 

White sand cniBt 10 " = 50 " LimoMnd. 

Black marl and ehell 30 " = 80 " ■. 

Oreen ds; marl 6 " = 88 " [Middle Marl. 

Chocolate mud 28 " —Hi " i 

Shell crust. 8 " =^ 117 " i „ , ,^, 

Cray sand, ««;«■ 4 " =121 " j »«> -""d btd- 

The water is obtained from the top of the " red sand bed." 



ABTSSIAK WELL SOUTH OF UABLTON, AT THE BEaiDBNCB 

OP BOWMAN 8. UPPIHCOTT. 

Elevation, 8S feet; diameler, 5 inches; deptli, lOS feet. Water rises within 

16 feet of the eiurfice. 

The boring of this well was commenoed at the bottom of a dng 
well, with a depth of 18 fert. W. O. Barr furnishes the following 
record : 

Depth of dugwell. 18 feet 

Black mud 20 feet = 38 " 

White sand cnut 12 " ^= 50 " Lime sand. 



Black sand marl 4 ' 



1 



I 



Irmatone crust 1 '■ 

Black sand 2 " 

Black marl C " = 63 " [ Middle Marl. 

■Green claj marl 8 " = 71 " 

Fine dark sand ^ » = 73 " I 

Chocolate mad 22 " = 95 " J 

Shell crust a ' = 98 " \ 

•Oreensand 2 " =100 " j- Red sand bed. 

Whitesaod 5 " =105 " t 
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There were obtained from this bed, probably from the Middle 
Marl, DumeroQS weH-preaerved though frt^^entary Bpecimeos of 
Terebratula* and a few sniall bat perfect Heogyra* From near the 
base were obtained a coueiderable namber of fragmentary speciinow- 
of belemnites. The Bryozoa bo oharacteristia of the lime Band over 
the Middle Marl bed were also seen among the specimens. 

ARTESIAN WELL NBAB MABLTON, AT LEVI T. BALLINGBE'S, 
ON THE ELHWOOD BOAD. 



The following record was received from W. C. Barr : 

Top Boil and clay 1-5 feet. 

Gravel and quickBand 5 feet. 

Black mar] aad shell 25 '' 

Green clay marl 4 " 

Chocolate marl 27 " 

Shell cniBt and htlemnitm. 4 " 

White sand, icoier. 2 " 



Bed sand bed. 



A series of specimens of the borings was preserved by L. T. 
Ballioger. These showed, at the depth of 32 feet, indarated, irony, 
red-colored casts of Oryphea^ and other shells. Attached to the casts 
were crystals of vivianite. This shell layer exactly resembles indu- 
rated casts of shelJa to be seen at Stratton's pits, near Mullica HilL 
At 66 feet were some fragments of an oyster, not in a condition that 
woold admit of determination. At 80 feet were fragments of 
belemnites. 

ABTS3IAN WBLL°I TWO HtLG3 E&BI-SOUrHEAST OP HABLTON,. 
ON THE FABU OF JOSEPH BVAKS. 

Elevation, 129 Teet. One successful well, diameter, 5 iDches ; depth, IG5 feet ;■ 
one unsuccefisful well, depth, 366 feet 

A successful well was put down within a few years, of which Rich- 
ard Houseman furnishes the following record of materials passe<} 
through : 

• Technical! J, Terebralala Hartani Morton, Kroi/yra coalata Say. 
t Gryphta vesieaiarit Lamark. 
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Sand 20 feet = feet to 20 feet 

Black lo&m or marl 60 " = 20 " " 70 " Upper Marl (?) 

Sand 14 " = 70 

Crust 9 " = 84 

G'^"'"! 27 " = 93 ■■ -120 " | Middle Marl. 

Sand 27 " = 120 " " H7 " ) 

Shell crust of oyster and other 



\ Lime aand. 



shells 2 " = 147 



:: } 



Bed sand bed. 



"White sand wilh water 6 « =149 

An uiiBaocejsful boring had been made some yeats previonsly to a 
depth of 366 feet Of this well we are furoiBhed with the followiDg 
general description of strata below the first 155 feet, to which depth 
the well above noted furnisbee correct information : 

Gray micaceous sand from 155 feet to 220 feet. \ q^ ^^^ 

Blue clay— claj- mail from 220 " " 366 " J 

Large oyster shells were found at about 300 feet, and also eharba' teeth. 



ABTE6I&N WELL TWO HILE8 BAST OF MABLTON, ON THE 
FABH OF JACOB L. EYBSS 

Elevation, 60 feet ; deptb, 98 feet. Water rises within 6 feet of the surface. 

There is a well on the property of Jacob L. Eveae that obtains at 
the depth of ninety fire feet a supply of exceptionally good water. 
From a series of specimens preserved by the owner the following 
data were obtained : 

Yellowish marly sand at 20 feet. 

" " " 25 " 

Sand, with BryiHoo. " 30 '* Lime sand. 

Marl with JVeftraiWa " 40 " ] 

Oryphta " 45 " 

■ ^ ftfUmtiilflln " (KS'l" 

I- Middle Marl. 



Belemniles=Be;<iitni(e//a. " (66?)" 

Marl 



" " 90 " J 

Water-bearing sand. " 9S " Red sand bed. 

The water rises within aboat six feet of the surface. 

The Terebratula and Gryphea above noted were well preserved, 
nearly entire specimens retaining the shell in its original white 
calcareous condition. From the records of the other wells, the writer 
is inclined to think that the belemaite; nol«d at sixty- five feet are 
wrongly marked, and were probably obtained at the depth of about 
eighty- five feet. 
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ABTEBIAN WELL THBEK MILB8 BAST OF UARLTON, BORED 
FOB A. W. LOFLAND, ON THE DAVIS KOOBRS PAEM. 

EteTation, 60 feet ; diameter, 6 inches; depth, 102 feet- Water rises within 
7 feet of the surface. 

While this report was in preparation the folloviog record was 
't«c«ved from W. C. Barr of a well pat down at the above looality^ 
which ia abont three miles east of C B. Chew's well : 

' Top soil quicksand and pebbles. IS feet ^ 15 fceL 

Black marl 15 " =^ 30 " Uppermarl. 1 

Stone crust and grav marl or lime sand.. 28 " =^ 68 " Lime sand. I g 

O'^'""'- 8 « _ 66 • J Middle Marl. } | 

S"'™"- ■■ 6 " =100 " lgrf,„jM. II 



Chocolate marL... 

Se cm .......... _ -"" , f Kea sand bed. i - 

Qraj open sand and water... 2 " =102 i i 

There were obtained from this bonog the following fossils : Bryo- 
zoa from the lime sand, Terebratula from the Middle Marl, £elem- 
niteUa &om the shell crust, Peoten probably also from the shell croet, 
and small bat perfect Exogyra, the exaot horizon or depth of which 
we have been anable to asoertain. The water obtained is of good 
qaality, and rises within seven feet of the surface. 

ABTESLAN WELL NOBTHEABT OF AlTD NEAB UBDFOBD, N. J., 
BOBED FOB JOSHUA B. WILLS. 

ElevattoB, 63 feet ; depth, 126 feet Water riMS within 25 f««t of the soiface. 

This well, which was bored by Stothoff Bros,, was reported last 
year, bat as some additional information has since been received, it is 
again noticed. 

This well is npon the farm of Joehoa S. Willsy about one and three- 
<|uarter miles northeast of Medford station. A set of borings was 
exhibited for awhile in a drag store at Medford, and afterwards for- 
warded to the writer throngh the recommendation of a geological 
'friend who chanced to see them, and who rightly appreciated the 
value of the specimens to the Snivey, 

By oorrespondenoe with J. S. Wills, the elevation of the sorfaoe is 
'learned to be sixty-three feet. After careful examination of the vari- 
ous specimens the following record has been made : 
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io. 1. Soil 2 faet. 

2. Clay, yellow sand 3 " 

-4, CoBrsegraysandwithgreeiisaiidgraiiia... 15 


6 " 
*15 " 
^23 " 
30 '■ 
35 " 
BO " 
70 " 

78 " 
80 « 
91 •' 
104 " 
120 " 

124 " 
126 " 






1 Bottom of 
J Upper Marl. 
} Lime sand. 




Orypheaind. Tsrdtratida, at ( 


1 Middle Marl. 






11. " " dark color, at 

13. " " dark gceeD, at.„..-. 


[ B«d sand bed 


15. Gray sand and wiler,ai 

Tfah water rises to within 25 feet of the sorface. 



J. 8. Wills writes that " water woe foaad at the depth of Beventy 
feet, but that it was not good, and that after reaching the depth of 
127 feet we had an exoelleat flow of good water." 

In the Annnsl Report for 1892, page 302, and also in this volume, 
page 210, a record is given for a wdl bored for laaao W. Stokes, one 
and one-half miles almost due northwest on ground elevated about 
fleventy- eight feet. The relative position of these two wella is almost 
directly across the line of strike of the strata. I. "W. Stokes' well, as 
stated last year, was deepened from a water horizon at about seventy 
feet to one at 175 to 183 feet. A oomparison of the records and 
specimens of the two wells shows oonolnsively that the upper water 
horizon at sixty-four to seventy feet in I. W. Stokes' well is the same 
«8 that at 12S feet at the bottom of J. 6. Wills' well. 

The water of inferior quality noted above at seventy feet repre- 
sents, of course, a still higher horizon. J, 8. Wills also remarks that 
*" the different strata we went through are very similar to those passed 
through by Joseph Evans." (See page 214.) This latter well is 
located six and one-half miles west-sonthwest. The distance between 
two parallel northeast and southwest lines of strike drawn through 
4he two wells is one and one-tenth miles. The shell bed in Joseph 
Evans' well, at 147 to 149 feet (see page 214), is the equivalent of 
that in J. S. Wills' well at 120 to 124 feet Making allowance for 
difference in elevation of the surface, a calculation shows this shell 
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bed to dip elightly over Ihirty-eeven feet per mile. The eectioB tor- 
this rf^ion is constrncted on a basie of thiity-Berea scd five-eighths 
feet per mile, that amoant of dip being the average presented by the 
various wells and harmonizing best all the conditions. 



ABTE&IAN WELL IN HEDFOBD, N. J., AT TEE BESIDBNCE 
OF JOSEPH BINCHUAN. 

Elevation, 60 feet ; diameter, S inches ; deptli, 160 feet. 

Abont five years aiiioe a well was pnt down in Medford at the rem- 
dence of Joeeph Hinchman, who has famished information froiik 
which the following record has been compiled ; 

Soil and graveL 12 feet. 12 feet. ^Pleistocene. 

Clay. 5 " 17 " = Miocene (?). 

Marl 35 " 52 " = Upper Marl. 

Blueclay 5 " 57 '■ 

Lime sand 16 " 78 " ^= Lime sand bed. 

Then alternation of aandg, marlii, gravels, ) =:Middle Marl and 

Ac, to 150 " I ted sand bed. 

Be1einnit«8 near the base 

Water was found at 17 feet, at 90 feet, and at 140 feet. The 
water at the lowest horizon only was utilized ; this rises to within 
aboat 18 feet of the aurfaoe. The well is cased to the depth of 14<V 
feet, though the boring was continned to that of 160 feet. By refer- 
ence to the section, it will be seen that this well draws from the same 
horizon as the other wells in the r^on of Marlton and Medford, 
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SUPPLEMENT TO REPORT ON ARTESIAN 
WELLS. 



ABTESIUr WELLB AT FLAIHFIELD. 

P. H. & 3. Conlin mform that they have sank four wells for the- 
Plainfield Water Works. The average depth is about fitly feet. 
Clay was found at aboat eight feet from the surface, below which 
fine qnickeaod was encountered to a depth of forty feet, at which 
depth occurs a coarse water-bearing gravel. 

"The first well was tested alone and produced on twenty-four 
hours' test 750 gallons of water per minute. The others were test«d 
collectively and produced a similar quantity. The^e wells had 
peculiar straineis put in them, as previous wells put down had to 
be renewed on acconut of the sand getting in the strainers and closing 
them," 

P. H. & J. Conlin also furnished samples of strata from well» 
Nos. 3 and 4. 

The water-bearing gravel, and especially the clay overlying it are 
decidedly reddish in color and have evidently been derived from the 
Trias. Many of the pebbles in the gravel are as large as walnuts 
aod bntterouts, and are more or lees rounded and water- worn. Most 
of them are apparently made from Triassic shales and sandstones,, 
though among these are a few of trap-rook, some of which show 
amygdaloidal cavities. 

ARTBBIAS WBLL8 AT KBWABK AND VICIKITY. 

P. H. & 3. Conlin forward the following account of various wells- 
put down by them at Newark and vicinity : 

"At C. Roberts & Co. Rubber Works, Newark, well 8 inches in 
diameter. Struck rock 20 feet from surface. Drilled into rook 200- 
feet. Well produced, on pumping, 50 gallons of water per minute. 
The rock was of the red shale formation." 

(219) 
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"Herold Smeltiog and Befiaing Co., eitaated on the meadows, 
aboat half way between Newark and Waverly. The firet 20 feet 
was black mud, then alternate layers of day and qnioksand. Clay 
beds did not vary over one foot in thiokness. Rook waa Btruck at a 
depth of 175 feet from the aorfaoe; the balance of the well, to the 
■depth of 220 feet, is drilled through red shale. Well produced, on 
twenty-foar hours' pumping, 100 gallons per minute." 

"At Smith's tannery, Newark, we drove well to a depth of 195 
feet. Nothing but olay, intermingled with fine sand, was met with. 
At the above depth a water-bearing gravel was found, and produced, 
on tea hours' test, 60 gallons of water per minute." 

Smith's tannery is one-half mile from the meadows adjoining New- 
ark, and one-half mile from the Herold well, the latter well being 
'the ftrthest out. 

"The Newark Lioorioe Works has a 10-inch well. Rock was en- 
countered at about 32 feet from the surface. The rock is of brown 
sandstone character, of hard quality. Well 220 feet deep. Well 
produced, on ten hours' continuous test, 150 gallons of water per 
minute." 

"At W. Englehart's residence, Harrison, N. J., we sunk a well to 
a depth of 127 feet. From surface to water-bearing strata nothing 
'but fine sand. There was a moderate supply of wat^ found." 

Harrison b on the opposite side of the Passaic from Newark. This 
well and the wells above noted at Smith's and Herold's are all located 
■upon practically the same meadow land. 



ABTESIAN WELLS IN NEW YOBK OITY, BB00ELY8, 
AND VICINITY. 



P. H. ■&. J. Conlin report as follows : 



Wells m New York Oiy. 

"In New York City we drilled a well for the Manhattan Life 
'Insurance Company. Rock was encountered at fifty-five feet from 
-cellar bottom. The formation of rock was granite. There was no 
visible supply of water until a depth of 800 feet was reaohed. At 
that depth a small supply was found. At a depth of 1,056 feet the 
well produced on eeventy-two hours' oontinnous test seventy- five 
igellons of water per minute." 
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WelU in Brookiyn, N. Y. 

" Ten wella, pnt down for the city of Brooklyn on Ixtng lalancl^ 
fine Bftnd was met with from eurfaoe to a depth of sixty feet, at which 
depth a water-bearing stratum was found. The wells produced col- 
lectively five million gallons of water per twenty^fonr hours." 

This boring is evidently either in glacial morainic drift or in the 
overwash plun on the south side of Long Island, 



Well ai Noroton, Qmneetieut. 

"We have drilled two wells in Ckinnecticnt on the sound near 
Noroton. Drilled one to a depth of 700 feet, but no water. Drilled 
another well about half a mile from first one ; we are dawn about 900* 
feet, with only four gallons per minute ; the formation of rock is 
granite ; we expect to drill the wells deeper in the spring, with the 
expectation of getting the needed supply. The rock has not changed 
in oharaoter from the surface. We have drilled several other wells 
in Connecticut with very good results." 



Welb at Mount Vernon, Port Cheater and WhiUont. 

" We have drilled wells in Mount Vernon, Port Chester, Whitsons,. 
Ae., all within thirty milee from New York City. They are all in 
close proximity to the Long Island Sound. Rock was met with not 
over five feet from surface, and was of granite formation. The wells- 
varied LD depth £rom 100 feet to 300 feet." 
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REPORT ON FORESTRY. 



In accordaooe with a sapplementary act of the Legislature, passed 
at its laet segsioo, and approved May 1st, 1894, the State Geologist, 
ander the direction of the Board of Managers of the Geological Sur- 
vey, (1) " shall make an inveetigation to ascertain the extent, character 
and location of the wild lands of the State which are suited for per- 
manent occupation by forests rather than by agriculture," and (2) 
"shall report the results of such investigation to the Legislature, 
farther with a statement of what part or parts of such lands would^ 
be suitable for a State forest reserve," and (3) " the advantages as re- 
gards the timber- supply, water-supply, scenery and climate of the- 
State which would accrue from the conservation of existing forests by 
the establishment of snch reserve, or otherwise ; " (4) " the investi- 
gation so to be made shall determine the extent to which forests of 
timber of commercial value now exist in the State, and include a study 
of the localities and areas which are specially adapted to the growth' 
of dengnated kinds of timber of commercial value;" (5) "it shall 
also include an examinaUon as to the presence or absence of forest' 
oover upon the slopes and summits of the more important wateiv- 
sheds of the State, and a study of the effcot of such ooaditions as nov 
exist upon the maintenanoe of the streams therein and the regulation 
of the freshets thereof ; " (6) " the report to the Legislature shall state 
the ailments touching the beneficial effect upon climate and rainfall 
attributable to the presence of forests, and shall likewise present an 
outline of the policy and legislation of other States and counfries for 
the preeervalJOQ of forests and their r^ulation for public ends, so far' 
as the eame may be applicable to this State." 

The work indicated in this tentative enactment may be sum- 
marized under the following heads : 

1, A surrey to asoertain the extent, location and character of the- 
" wild lands " or forest lands of the State, and the advantages of their 
retention in forest. 
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2, A survey of the moie important water-BhedB or drainage basins 
and their forested areas, with reference to the protective measures 
needed to eave this forest cover and thereby maintain the purity of 

>. the water, as veil as promote the more equable flow of the streams. 

3, A study of the relations of forests as climatic factors, and par- 
Siicularly to the rainfall. 

4, A compilation of the forest Iq^lation in other 8tat«s and 
oountries in eo far as it may be applicable to conditions in New 
Jersey, 

From the standpoint of our present knowledge of the forested 
lands in the State, the following lai^ divisions are rec(^nixed : 

L Kittatinny mountain. 

2. Kittatinny valley and the valleys iu the Highlands. 

3. The Highlands. 

4. The Red Sandstone plain, 
6. The Southern- Central belt. 

e. The SontheaBtem or Coastal belt. 

In this scheme the Upper Delaware valley ia not ^ven, except as 
it is included in the Kittatinny mountain slope to the Delaware. 
The trap-rock ridges also are omiLted, as they constitute an insepara- 
ble part of the Triassic or Red Sandstone belt. The coastal-dune 
range or sea-beaches also are omitted, inasmuch a^ the forest on them 
is of ioconsiderable extent, and is destined to give way to the grow- 
ing towns and seaside resorts. 

The large forested areas of the State which are of sufficient extent 
to deserve consideration as forest reservations are in the southeastern 
belt, and in the Highlands and on the Kittatinny mountain. In the 
Kittatinny and other northern valleys the percentage of area not 
cleared and in farms is comparatively small, and the wood-lots are 
the property of iadtvidoal farm-owners. 

In the Red Sandstone plain there is little woodland, excepting on 
the trap-rock ridges, which are largely wooded. Deforestation has 
gone too far in some parts of this belt, and the effects of the general 
olearing are seen in the torrential character of the streams and in the 
sweep and destruction of the winds. 

In the marl and clay belt — or as above named, the southern-cen- 
tral belt — there is a ^r proportion of forest to farm land, and the 
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•diBtribution is favorable to the preservation of eqaable climatic oon- 
-ditions. Nearly all of the woodland in this belt, as in the Bed Sand- 
stone belt and in the Kittatinnj valley and the Highlands valleys, 
is in small lots or tracts and in farms. As thus locally distribated, it 
is valuable for domestic or home cousnmption, and is not of extent 
■to command attention or public consideration as a part of a general 
i'orest reservation under State control. The possible exception to this 
general statement is in that class of valley slopes in the Highlands 
drainage basins, where the character of the stream-flow may be 
effected iDJariously by the too general clearing of th^e lands^ and 
the exposure of the steeply-sloping surface to the wash of the rains. 

The survey of the forests in the more wooded divisions of the State 
includes the gathering of statistics of forest fires and the atndy of ways 
in which the destruction of valuable timber lands may be averted, and 
the obstacles to pfofitaUe timber- culture be set a^ide. The problem of 
public care of the woods and the prevention of fires must be investi- 
gated and solved for the southeastern or pines belt, and also in the 
Kittatinny mountain range. In the Highlands the dangers are not 
great, and the ownership control is fairly efficient in protecting its 
forests. In the other belts this question is not of importance, on 
account of the small size of the wooded tracts, their distribution 
«mong the cleared areas and their isolation. The individual owners 
of the many small lota care for them and protect them against the 
ravages to which large tracts are more exposed. 

The importance of timber- culture or the value of wood as a crop, 
and the dimatio relations of forests, are broad questions, which are 
not limited to belts or topc^aphic divisions of the State, but are 
applicable to all. These questions afifect the agricultural economy of 
the State also, and are therefore of general interest to the rnral popu- 
lation. The farmer is interested in wood-growing and in theolimatio 
-Cftnditions favoring good crops. The cities also are affected favorably 
or unfavorably, since they are exposed to the sweep of these foroee, 
which dominate both town and country. 
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REPORT ON FORESTRY IN THE NORTHERN 
PART OF THE STATE. 



BY C. C. VEBHEULE, 

Daring the paat autnma surreys and examinations have been made 
•of tlie foreats of the northeastern part of the State, including praoti- 
«all7 the Highlands and Bed Sandstone plun, between the New York 
line and a line drawn from the head of Newark bay throngh Boonton 
to Ogdensbnrg. The work included a survey of the outlines of all 
areas of forest of sufficient size to be shown on a scale of three inches 
to the mile. The inquiries covered the size and quality of the growth, 
classed as fdlows: 

1. Brash or stump land, to include no areas intended to be cleared 
and cultivated. 

2. Old clearings formerly cultivated, but now growing up to 
-timber, 

3. Young growth, in which class was included all timber lees than 
«ix indies diameter, the approximate age, siie and height being noted. 

4. Lat^ timber, including all over six inches in diameter, the 
■diameter and height being noted as before. 

Without attempting any strict botanical classification, the varieUce 
■of timber have been designated as follows : 

1. Deciduous, with the prevailing varieties indicated, 

2. Coniferous, classiSed as pine, oedar, hemlock, &c. 

3. Mixed deciduous and coniferous. 

Notes were kept of the general character of scattered growth over 
lands under cultivation, also of the general condition of the forested 
Areas, and of any remarkably lai^e trees, any original forest, planted 
timber, brush land which seems incapable of producing timber, the 
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BUcccBBion of growth, &c. Information was also collected aa to tbe- 
prodnct of aaw-mills, kindling-wood factories, &(>,, and notea were 
made as to the value per acre of stamp laod of twenty- year or thitty- 
year growth, and all heavy timber of varione kinds; also of the tes- 
timony of reliable persons as to how the amount of timber now stand- 
ing compares with that of previoas periods, and of how the growth 
on slopes of hills compares with that in the valleys or on the top of 
plateaus. 

It will be Doted that the inqoiries were of the most practical kind,, 
and it is believed that the information obtained will be of value in 
reaching an nnderstandiog of the actual economic condition of our 
forested areas. Thus far they have developed the fact that there have 
been no important changes either in the limits of cultivated land, or 
in the proportion of forested and cultivated areas, since the topo- 
graphical surveys were begun in 1877. There have been minor 
changee, and a few old clearioga of small area have been allowed to 
grow up, the areas thus added to the forests being jast about ofTMt 
by that which has been brought under cultivation, likewise in small,, 
scattered parcels. 

The topt^raphicol maps showed forested lands aa distinguished 
from those under cultivation. They made no attempt to indicate the 
varieties, size or condition of the timber. There ia very little laud in 
the State which, if left uncultivated, does not spontaneously produce, 
in a few years, a fairly good growth of timber ; consequently, the 
land represented as forest on the maps, foe which the surveys were 
completed in 1887, range from brush to good timber, of from forty 
to fifty years' growth, and for the moat part every gradation of growth 
is represented in due proportion. The examinations made during the 
past J ear have attempted to differentiate this growth into varieties of 
trees, age and size, as we have expluned. 

Like almost every other physical feature of the Btate, the forests 
may be classed broadly into five divisions corresponding with the 
geological formations, and each of the three northern divisions must 
be subdivided into glaciated and unglaciated districts. There is a 
marked difference in the proportion of forest area, and also a Itss- 
marked difference in the varieUes of timber north and south of the- 
mortune line. Consequently we can most conveniently consider the- 
forests by the several topc^raphical divisions adopted and followed ia 
the "Physical Description" of the State, published in 1888. 
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PALISADES MOUNTAIN. 



It will be a surprise to many to learn that this ridge, bo near to tbe 
large cities and in the moet populoas eection of the State, is so wel) 
wooded. From the State line poath to Edgewater, a distasoe of thirteen 
miles, and for a width of one and one-half miles back from the bank of 
the Hadson, practically 90 per cent, of the whole area is well timbered.. 
The forest covers an unbroken tract of 11,000 acres. Beginning at the- 
State line and extending to one mile below Haylei's landing, we- 
have, on the talus slope along the river, a mixed deciduous growth, 
mainly chestnut and oak, from thirty to sixty feet high, varied witbi 
pine and hemlock near Hnyler's landing We give here, as else- 
where, only the prevailing timber, bat in reality this whole Palisade» 
forest indndes a large number of varieties. Farther down to Lin> 
wood the growth on the tains is more irregular, containing a fair pro- 
portion of oak and chestnut of good size, with scattering hemlock. 
From Linwood to Fort Lee the talus is well wooded, some good white . 
pine being found, but oak and chestnut prevail. From Fort Lee to- 
Edgewater the river slope of the ridge is well timbered, but a strip- 
of land along the river at the foot has been cleared and occupied by 
residents. On the flat top and upper portion of the western slope of 
the mountain from the State line to Edgewater, if we except some red 
cedar near the State line, the growth is practically of mixed deciduous 
varietiee, mostly oak and chestnut. This timber ranges from under- 
growth to trees forty, sixty and eighty feet in height. Diameters of 
from twenty to thirty inches, and heights of from sixty to eighty feet^ 
are not at all nnoommon, especially from Huyler'a landing to Edge- 
water. Taken aa a whole, there are not many finer belts of timber in^ 
the State. The land is largely held in such a way that there is com- 
paratively little danger of wholesale deforesting, but this beautifut 
forest has almost as good a claim to future preservation as the 
escarpment of the Palisades. South of Edgewater the ridge is prac- 
tically a city to Bergen Point, and entirely deforested, 

HACKENSAUK VALLEY. 

The Bed Sandstone country lying between Palisades mountain on the- 
east and Bamapo and Orange mountains on the west, was designated by^ 
us, the Hackensack valley, in tbe " Physical Description." Topograph- 
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ioally it is all one valley, although not all draiaed hy the HaokenBBck 
t'lyer. It indndeB all of Bei^en and Hudson oonntiee, Passsio ooonty 
soatlieast of Pateison, and the northeastern oonier of Essex oonnty. 
It oontains a large urban and suburban popnlation, and it seema 
somewhat anomalous that it should also include some of the best 
timber of the Stata. The valley as a whole has 30 per cent, of its 
'■upland area in timber, or, in other words, 61,000 acres id a total of 
180,0i)0 acres of upland. Bei^n county has 39 per cent, in timber, 
Hudson county only 5 per cent., the Passaic county portion 9 per 
-cent., and the Essex county portion 20 per cent. In top(^^phical 
.position this timber is largely confined to the slopes, level valley 
■bottoms and plateaus being mainly under cultivation. These culti- 
vated portions, however, have a very liberal allowance of scatteriog 
forest trees, orchards and other planted trees, bo that- in looking over 
the valley from an elevation it appears to be very generally wooded. 
The really forested portion ranges tbroagh all conditions, from a very 
limited amoant of bmsh and stamp land to heavy timber, Very 
little of it is now cat off entirely, most of the cutting being selected 
^treee, so that the considerable amoant of timber taken ont each year 
is scarcely missed. There is no wastefalnees apparrat as a rale in the 
handling of the forests. It is generally a mixed deoiduouB growth, 
with oak predomiaating in the lower land along the Haokensack, 
while chestnut prevails on the higher ridges westward, and softer 
woods, snoh as gam, white birch, beech and maple in the swamps. 
Here and there are a few scattering hemlocks. From Cloeter to 
Eoglewood there is much red cedar. The timber is usnaUy in rather 
email, isolated areas not often reaching 100 acres in extent. There is 
a tract of some 600 acres along the Hackensack near the State line. 
Proceeding southward from the State line across the whole width of 
the valley there is a gradual decrease in the' amount of timber. The 
growth in the vicinity of Ramseys to Wyckoff is rather mixed, con- 
sisting of oak, chestnut, maple, beech, elm, white birch, red cedar, &c, 
in all »<tages of growth, from brush to trees eighty feet in height, bat 
there is a notable absence of stump land or new clearing. Near 
Paterson the country is quite deforested, the 9 per cent of forest in 
the PasEaic portion of the valley consisting mainly of small patches of 
oak and chestnut, preserved in connection with farms, and only out 
■occasionally and sparingly as needed. Most of the groves contun 
much fine timber, and are generally well cared for. Proceeding 
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Bonthwest into Essex oooDt^ the wooded area is increased to 20 per 
cent, and is somewhat similar to that desoribed, althongli the timber 
ie, as a rale, not so good. There are some quite large limber areas 
Dorth of Belleville. In this Haokensaok valley, as a whole, the 
timber is probably as well oared for as in any other equally large 
section of the State, It is thrifty and healthy, and saffers oompara- 
tively little from fires. 

The valae of the land here is, of conrse, generally macb too high 
for profitable forestry. Id most well-located places it is worth from 
^400 to $1,000 per acre where it is still sold by the acre instead of 
by the foot In a few out-of-the-way places it ranges lower, bnt is- 
in any case largely independent of the character of the timber. From 
ioqairy it was estimated, however, that the timber aloue was worth 
from 130 to $60 per acre for a thirty-years' growth, and in propor- 
tioD for younger timber, but old timber of mixed varieties is worth 
from $100 to $160 per acre. Swamp land timber is said to be rarely 
worth more than $20 per acre, la the vicinity of Wyckoff we 
obtained the following general prices: Swamp land, $5; twenty- 
years' growth, $15 to $26; thirty-years' growth, $25 to $36; large 
oak and chestnut, $76 to $100 per acre. About Oakland, stump 
Jand, $3; twenty-years' growth, $20; thirty-years' growth, $30; 
large mixed growth, $60. In such inquiries as this it becomes quite 
•evident that'many of the estimates given are based on the prevailing 
rule that timber will produce one cord of wood per acre for each year 
that it is growing, and that this wood is worth aboat $1 per oord on 
the stamp, as was determined by a large number of written inquiries 
«6at out by the Survey, the results of which were published in the 
Annual Report for 1885. This rule seems to prevul all over the 
State, bat it is quite evident that it cannot be equally fair for all 
■sections, although probably a good working average. 

A few tracts claimed to be original forest were noted in the Hack- 
«D8ack valley. One is half a mile east of Hillsdale, containing about 
thirty acres of oak, fifteen to twenty-eight inches in diameter and 
«bont seventy feet high ; a small piece of oak one-half mile south i^ 
Bivervale, another, one mile west of Englewood, ooofiuBing oak from 
€fleen to thirty inches in diameter and from sixty to eighty feet high, 
and another piece of oak, one mile northwest of Oiadell, on the ridge. 
It is noticeable that all of these tracts are of oak. 

Several lai^ trees were not«d throughout the valley. At Hoho- 
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kns, a fiae elm fifty inches in diameter and eighty feet high, with a 
spread of branches of about 100 feet ; one mile Booth west of Etna, an 
oak forty-six inches in diameter and eizty feet high ; in an old olear- 
ing one mile northeast of Saddle River, two cbestnntB each sixty 
inches in diameter ; on the estate of the late Hon, W. W. Phelps, at 
Teanech, two oaka forty inchea in diameter ; at Ridgewood, a cheet- 
nnt sixty inches in diameter; at Haworth, a cbestnnt eighty-four 
inoliea and another seventy-eight inches in diameter ; north of Areola^ 
a chestnut seventy-two incbee in diameter; at Overton, a chestnut; 
seventy-six inches in diameter. Most of these chestnuts are only re- 
markable for girtb, but near Oradell there is a fine chestnut tree 
sixty-three inches in diameter and fifty- five feet high ; at the forks of 
the road, a little over one-half of a mile north of Ramaeys, a cbeet- 
Dut sixty inches in diameter and fifty feet high ; aaother, three- 
quarters of a mile northwest, sixty inches in diameter and forty-five 
feet high. Near Campgaw we noted a obeetDut sixty-two inches in 
diameter and sixty feet high, and two others sixty-six inches ia 
diameter and fifty and sixty feet high ; north of Wyokoff, a lat^e 
whitewood thirty-six inches in diameter and eighty feet high ; near 
Wortendyke, a chestnut forty-eight inohea in diameter and sixty- five 
feet high. Near Paterson chestnuts were noted thirty-six to sixty 
inches in diameter and sixty feet in height ; also, two large black 
walnuts, near the river, northeast of Paterson, forty-two inches io 
diameter and sixty feet high. The total consumption of saw-mills in 
this diata-iot was ascertained by inquiry to amount to practically 
2,400,000 feet, board measure, of lumber, and besidee this kindling- 
wood factories consumed the timber from about twenty-five acres 
annually. The whole consumption by theee mills would therefore 
probably not exceed the growth from eighty- five acres annually. 
Berades this nse, however, there is the consumption for railroad tie?, 
tel^raph and telephone poles and fuel, the amount of which has not 
yet been ascertained. 

Aa regarda the succession of growth, the general opinion seems to 
be that it is of the same kind as that cut off, although some claim 
tliat white oak and hickory are followed by a more mixed growth. 
It is evident that since the cutting off entire of areae of timber seems 
to have been long ago abandoned in this vicinity, and that most of 
the cntting ia, as we have remarked, by culling out, there cannot be 
much reliable data obtained on this point At Moonachie, maple i» 
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said to have succeeded oak, and at other places the succeeeion ba» 
been oheetnut There is no room for doubt, however, that as a rule 
abandoned clearings grow up in red cedar, although this is oocasion- 
ally accompanied by, or replaced with, white birch. 

Groves of planted white pine may be seen on the estate of the late 
William Walter Phelps, and also one mile east of Saddle River, south 
of the road from Bidgewood to New Milford. 



WATCHCKQ MODNTAJNB. 

The detailed surveys have extended over the trap ridgee above 
Campgaw, GcfSe and Preakness mountains, and the First and 
Second mountains southward to Caldwell and Yerona. North of 
Campgaw there is an unbroken tract of about 2,000 acres of timbe^ 
covering the trap hill. It is principally cheetnut and oak, about fifty 
feet high and from six to twelve inches in diameter in the northern 
portion, and from twenty to forty feet high and three to eight inches 
in diameter in the southern part. From Campgaw, by Sicomac to 
the Gcffle, the timbered areas are more scattering and also more varied 
in character, but oak and chestnut are still predominant. Over all 
these trap ridges red cedar prevails, springing up spontaneously and 
persistently in abandoned clearings. It is generally less than twenty 
feet in height. The QcSe has some good oak and chestnut timber 
fifty to seventy years old, from fifty to seventy feet high and ten to 
fourteen inches in diameter. On Preakness mountain and the ridge 
just west the growth is largely mixed with red cedar, and is of an in- 
ferior size and quality on the trap, being much better on the red' 
sandstone portion of the eastern slope near the foot. Near Pompton 
lake there is oonsiderable good hemlock, this last being a rather un- 
usual growth for this part of the State. Second mountain about 
Caldwell and northward has some fair oak, chestnut and hickory. 
First mountain is not so well timbered, and has more red cedar. 
Abandoned dearioga are quite frequent, and the whole of the growth 
is irregular and patchy. Most of the timber is also younger than 
that in the Hacbensack valley. There is a notioeably greater preva- 
lence of hickory on the trap than on the red sandstone. In general, 
it may be said that the timber on the trap is decidedly inferior. This 
whole region of (rap ridges has from forty to sixty per cent, of its. 
area in forest, and there is a tendency to inorease all forest areas. 
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PASSAIC -VALLEY. 



Detailed surveys have only covered Pompton plains and the town- 
«bip of Caldwell in this valley. Pompton plains is the most sparsety- 
-rrooded section of the valley. Generally the proportion of forest 
area is from twenty to forty per cent. Oak from ten to twenty inches 
in diameter and sixty to eighty feet high is oommon enough to indi- 
cate the ability of the eotl to prodnoe heavy timber, but the prevail- 
ing growth is much younger and lighter, It is qnite irr^ular both 
in eize and variety. The softer woods, suoh as gum, maple, willow, 
■Ac., prevail in the wet land. The valley has a Jarge nnmber of 
scattering trees, planted forest trees, fruit trees, Ac, over its cultivated 
portions, and most of these trees are of large size, so that a general 
•view from any commanding point gives the impression of a well- 
-wooded ooantry. Riker hill and Hook mountain contain timber 
fflmilar to that of the Watchnng mountains, with a lai^ amount of 
red oedar. Swamp-land timber is estimated to be worth, on an aver- 
^^e, about $50 per acre, and upland $100, if mostly oak and hickory. 
Slump land is valued at from $20 to |40 per acre, bat this estimate 
evidently does not consider swamp lands, which are leas, if the timber 
is cut ofT, As in other portions of the State, the prevalent tendency 
is to estimate for thirty years' growth a yield of thirty oords per acre, 
■and about one oord per acre for each year that the timber has been 
growing. We may here remark that observations seem to indicate 
that most of the timber grows less rapidly after reaching about thirty 
jears old, and generally for the northern part of the State the lai^est 
yield is obtained by cutting at about this age, especially if the growth 
is lai^y chestnnt. 

HIQHLAJUDS. 

In the Highlands the detailed surveys have covered practically the 
water-sheds of the Pequannock, Wamique and Ramapo rivers. The 
.percentage of area in forest ranges from sixty to eighty, and generally 
averages about 75 per cent. 

The plateau bounded by Bearfort mountain, the New York line, 
'Vernon valley, and the New York, Sueqnehanna and Western rail- 
road has about 80 per cent, of its area in timber, oonslBting mainly 
of oak and chestnut, a consid^^ble portion of which is from thirty- 
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five to forty years old, and only a few aorea older, the lemainder 
being yoanger, ranging down to five or ten years. The growth from 
. thirty to forty years old ranges from six to ten inches in diameter, 
and from thirty- five to forty-five feet in height. The more aooeaaible 
portion of the timber is said to be cut at twenty years, Timber is- 
believed to grow as rapidly as in earlier years. The only wastefiil- 
nesB apparent in cntting oomes from the tendency to cat at too early 
an agf, and this practice seems to bejost about at the point of reform 
owing to a cdiange in demand for hoop-polee and coidwood, so that 
there is likelihood of fatare improvement. The swamp areas in- 
dicated on the topographical maps on this plateau are generally 
wooded with maple, beech, elm, and occasionally with scattered pines,, 
larches and white oedar. A dense growth of rhododendron makes- 
some of the Bwamps very dark and almost impenetrable. Forest 
fires sometimes give trouble, and a large area east of Canistear, near 
Bearfort monntain, was bnmed over dnring this year. On this same- 
platean, southwest of the railroad at Stockholm, the condition of the- 
tjmber is quite similar to what we have already described for the 
first two or three miles, but farther southwest the timber is older and- 
larger. 

Chestnut is said to generally suooeed all other growth, aooompanied- 
by a oonaiderable percentage of oak. Pine is said to have been suc- 
ceeded by oak and chestnnt. The eastern slopes of the hills are 
thought to prodaoe the best timber, especially near the foot, while the 
extreme tope also often prodaoe good limber. This is attributed to- 
greatw depth of soil, Fochnok mountain, lyicg jnat west of this 
plateau, does not differ from it materially, excepting that there is 
more hemlock and a somewhat thriftier growth. It is also not quite 
60 densely wooded. Over the cleared portions the scattered growth' 
is usually oak and chestnut, with some red cedar, maple, black walnut, 
&o. All these trees are of good sise, the cedars from eight to twelve 
inches in diameter and forty feet high, and the other varieties from 
twelve to twenty-four inches in diameter and avenging about forty- 
five feet high. 

In noting large treee here, as elsewhere, no attempt was made Uy 
include them all, the purpose being rather to indicate about what 
ooold be seen in passing over the country, and the'capacity of the soil 
to ^odnce good timber. Four chestouts were noted, ranging from 
forty-two to sixty inches in diameter, and from forty to sixty feet high,. 
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moBtly Dear Stockholm and along the road to VemoB. The following 
oaks were also seen on Focbuck moaotain : Oae, one-qnarter mile 
west of Sand Hills, forty-eight inobee in diameter and sixty feet high ; 
another, one mile north, thirty-six inches by sixty feet, the spread of 
branches being forty feet. In Vernon there is one forty-two inches 
in diameter by fifty feet high, and three miles north of Stockholm 
Another oak was seen thirty inches in diameter hy forty-fire feet high. 
An elm one mile north of Stockholm meBsnred thirty inches by fifty 
feet, and another northwest of Yernon thirty inches by sixty feet. 
A maple was seen on Pochnck monntain thirty-six inohes by seventy 
feet ; two east of McAfee, in the valley, aboat thirty inohee by fifty 
feet ; two sontb of Vernon, abont half way to Stockholm, aboat 
forty-eight inches in diameter hy fifty and sixty feet high. Black 
walnuts were noted as follows ; One, one-half mile east of Vernon, 
along the valley road, thirty-six inches hy fifty feet, said to be one of 
the ori^nal forest trees. At McAfee there is one sixty-six inches hy 
eighty-five feet. On the side of the mountain sootheast of McAfee 
there is an apple tree measuring thirty-six inches in diameter by forty- 
five feet high, which is said to be the l&igest in Snssez county. Two 
miles BOnthwest of Vernon, on the road to Stockholm, an oak and a 
walnut have grown t^^ther. At the base their combined diameters 
are forty-eight inches; above the janction each is aboat twenty-four 
inches in diameter. 

The following was obtained as average values of timber near Stock- 
holm : Stump land, $2 ; twenty-years' growth, }7 ; thirty-years' 
growth, $10; heavy ohestnat or mixed oak and chestnut, $80, 
Heavy oak is Eatd to be extremely scarce, but is quoted at from $60 
to $100 per acre. At Vernon, stump lanci, $2; tweuty-years' 
growth, $7; thirty-years' growth, $12; heavy chestnut or mixed oak 
and chestnut, $80. There is said to be very little valuable pine. At 
McAfee, stump land, $3; twenty- years' growth, $7; thirty-years' 
growth, $10; heavy chestnut and oak, $75 to $80. At Canistear, 
stump land, $3; twenty-years' growth, $10; thirty-years' growth, 
$16; heavy chestnut, $60. 

On Bearfort mountain timber has safiered much from fires. In 
1882, during the prosecntion of the topographic survey of that sec- 
tion, a fire ran over a large area south of the road from Greenwood 
lake to Wawayanda, and this fire did injury from which the forests 
have not yet recovered. A fire in 3891 ran over most of the monn- 
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tuD tops from the Slate line to Cedar lake. The timber is generallj, 
both on aoconat of these fires and the thianess or entire absence of 
«oil over maoh of the moantain, scattering and of little valae on the 
high rid^, bat owing to its inBocessibility there has always remained 
a ooDsiderable amoant of origimil forest, and in 3882 there was some 
<|ait« heavy timber in the ravines, notably in the one heading at the 
westernmost of the two small ponds near the State line. This ravine 
was then heavily timbered, and travel through it was difficult, owing 
to fallen tree tranhs. It was a good example of virgin forest. But, 
generally speaking, over the monntain tops the growth is scattering 
and inferior, which condition has been much aggravated by the recent 
fires referred to. There is a good deal of the common pine and some 
hemlock scattered over the mountain. The beet timber is along the 
«a8tern slope, although this is all swond growth; bat the present 
growth is from thirty to forty years, e^ht to ten inches in diameter, 
and forty to forty-five feet high. It is mainly oak and ohestnat and 
scattering pine and hemlock, 

Green Fond and Copperas mountains are mainly covered with a 
forty-years' growth of oak and chestnnt, rather sparse and poor on 
the top and eastern &oe, where the soil is thin, but fiurly good on the 
western slopes, being there generally from eight to twelve inches in 
diameter and thirty-five to forty-five feet high. As on Bearfort 
mountain, there is a sprinkling of common pine. Some lots, ^^re- 
gating perhaps 150 acres, have been cut off within from ten to fifteen 
years, bat the remainder, if recently cat at all, has been only thinned 
oat. 

Bowling Green monntain south of Milton is lai^y covered with 
about a sixty-years' growth of oak and chestnut, averaging about 
twelve iudies diameter and forty-five feet high. 

The valley at Milton and Oak Ridge contains most of the culti- 
vated land of this r^ion, bat abaut one>third of its area is in timber, 
mainly oak and chestnnt of all ages from fifteen to sixty years, with 
a little pine along the road south of Clinton, and some maple and 
other soft woods in the low grounds. It is noticeable that all the 
principal slopes about this valley, and generally on the upper Pequan- 
nock water-shed, are well timbered. The valley has a oonsideraUe 
number of scattered trees over its cultivated portion, mostly from 
eight to twelve inches in diameter and forty to fifty feet high. The 
large trees noted were a black walnut, three- qnarters of a mile west 
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of Milton, thirty inches by fifty feet ; s red oak, one-qoartet of s mile 
north of the same place, thirty-six inohes by forty feet, and another, 
near Upper Longwood, sixty inches by sixty feet. From Peters- . 
boif; to Upper Longwood, along the road, there are from twenty to- 
thirty oaks and maples, ranging from twelve to twenty-foar inches 
in diameter and averaging forty-five feet high. A maple east of 
Oak Ridge measnres thirty-six inches in diameter by fifty feet high. 
The portion of the Highlands lying between the valley running 
from Greenwood lake to Newfoandland, and Wanaque and Passaic val- 
leys, was designated the Passaic range, in the "Physical Description."' 
A portion of this, north of Feqnannock river, has 76 per cent, of its 
area in forest, the central belt of the range being almost nnbroken 
by clearings. In the northern part there is a considerable amount of 
oak and chestnut, from thirty to forty years old, inclndiog, perhaps,, 
one-quarter of the whole r^ion, while another large tract appears to 
exceed forty-five years in age, all the more accessible portions near 
Wanaque valley and the Feqaannock being young growth of all i^es' 
from three to five years and upward, with very little stamp land and 
no new clearing. It is evident that the practice of cutting at twenty 
years or younger has prevailed for several years along the lower 
FequanDook, and it would appear that the forest has suffered injury 
in consequence. This young timber seems to have been mainly cnt 
for charcoal, firewood, hoop-poles, &Q. While the timber is mostly 
oak and chestnut, there is some pine and hemlock between Maoopin 
and West Milford, also red cedar in old pastures, and some white 
cedar south of Greenwood lake. The only portion of consequence 
which seems to have safiered from fire is an area of perhaps 1 50 acres 
along the Greenwood Lake railroad, just east of the lake. Most of 
the eastern part of this section is owned by Cooper & Hewitt, being 
a part of the Ringwood tract, and the forests of this part seem to be 
steadily improving. There is some new cutting about Hewitt, two- 
or three hundred (nans of stump and brush land being noted, and 
also some considerable areas of yonng growth of all ages. On this 
Passaic range, southwest of Fequannock river, our surveys have ex- 
tended to a line drawn east and west through Denmark and Split 
Rock ponds. Chestnut and oak prevail here also, being mostly fron^ 
thirty to forty years old, but with some younger parcels between 
Charlottesbnrg and Maroella, and also between Bloomingdale and 
Brook Yall^. The latter portion is also somewhat mixed with- 
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cedar, white birch, &c. There is little brueh or stump land to bO' 
aeen and not tQOch timber lesa than ten 7eai8 old. A tract of semd 
thoasand acres about Stickle pond is now held as a private preserve^ 
and its forests are oared for. 

In Wanaqne valley, although the limber is more interspersed witb- 
clearings, it does not dififer from that already described, exoepting- 
that there is more red cedar, which is probably due to the fact- that< 
the land has been some time cleared. 

Bamapo moantain is practically an nnbroken forest, mainly oak 
and chestnut. The main ridge from Negro pond south to the high- 
way oroesing from Mid vale is covered with a good growth of perhape- 
thirty to forty years old, and most of the flatter portions of the 
mountain are likewise well timbered. Perhaps one-third to one- half 
of the slopes are sot so well timbered, owing to thinneee of soil. 
The southern end of the mountain is meetly covered with quit» 
young timber and brnsh, and the timber on most of the more acoee- 
sible parts has been out within twenty years. 

Generally the Passaic range of the Highlands and Bamapo moun- 
tain are more lightly wooded, and the timber has been more severely 
cnt during the last twenty years than on the Central Highland' 
plateaa westward. The proportion of forested area to the whole is- 
abont the same. In this part of the Highlands it is thought generally* 
that the timber grows as vigorously as in former years, and it i» 
asserted that a thirty-years' growth will yield as much wood per aore 
as the original forest. Some of the beet timber here is on the slopea^. 
but on the other hand more slopes have tbio soil and there are more- 
bare rock ledges than on the central plateau, and these have only a- 
stunted growth or none, although they do not exceed probably one- 
third of the entire slope area. Flat bill- tops and ravines are wel^ 
timbered as a rule, although some ridges are qnite bare of soil on th& 
top, and the forest is oorrespondingly poor. 

The larger trees noted were two hemlocks, one mile southwest of- 
West Milford, which measured thirty and thirty-six inches in diame- 
ter and about sixty feet high; a red oak at the same place measareA' 
forty-two inches by forty feet ; an oak one mile north measured fifty- 
four inches by seventy feet, and another, one and one quarter nules>- 
north, forty-two inches by forty-five feet, being a very beaBtifut> 
tree. Near the same place we observed two chestnuts- forty-two- 
inches in diameter and forty and sixty feet high ; a maple forty-two- 
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inches by fflglity feet ; another, in a swamp, fortj-eight inches by 
seventy feet ; an elm thirty inches by seventy-five fee^ with a beanti- 
fal spread of weeping branohee, A oheetnat near by measured thirty- 
six inches by fifty feet, and one at Midvale fifly-foar inohes by fifty 
feet ; a pine at Wanaqae meaaored thirty inches by fifly feet. No 
^ery large trees were observed on the high part of the Passuo range. 
Not mnch reliable data ooald be had as to values. In the vicinity 
of Greenwood lake estimates ranged about as follows : Btump land, 
$5 ; twenty-years' growth, (20 ; thirty-years' growth, $30. At Mid- 
vale, stamp land, $6; twenty-years' growth, |10 to $20; thirty- 
years' growth, $16 to $26; luge oak and chestnut, $60 to $80 per 
aoie. 

We have noticed that a large amoant of Highland forest ranges 
from thirty to forty years old, and only a very email amoant exceeds 
forty- five years. All recent cutting also seems to have been of timber 
about thirty years old or yoanger. It would appear that much of the 
forest now standing, or which has been cut in recent years, datee from 
about 1860. Up to about that date there was a very large oonsamp- 
tion of timber fer charcoal to supply forges and fiimaoeB, as well as 
for other kinds of fuel. Recently the cutting of timber less than 
twenty years old appears to have been somewhat checked. Most of 
this young timber was out for charcoal, fuel and hoop-pfdes. The 
reason for this check is mainly to be found in the lessened demand or 
lower prices for these products. The evidence which we have col- 
lected seems to indicate that the best results are obtiuned 1^ catting 
at an age of thirty or thirty-five years. Chestnut particularly does 
not grow so thriftily after this age. A pot«nt factor in checking this 
cutting of young timber is the tendency now prevailing to acquire 
large holdings of these northern Highlands. This movement is rapidly 
under way, and will andoubtedly result in a marked improvement in 
the condition of the forests daring the next twenty years. At Wawa- 
yanda lake one owner holds 3,000 acres, and on Bearfort mountain an 
iron company holds 2,000 acres. At Cedar lake a club holds a large 
tract as a game preserve. At Bingwood, the property of Cooper & 
Hewitt embraces a large extent of territory. At Btickle pond a private 
owner has acquired an extensive preserve. Thus private enterprisft 
aeems to promise the solation of the forest question in this portion of 
the State. As most of this land is entirely unfit for cultivation, and 
should always remain in forest in order to maJntMn the steady flow of 
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"the streams, as well as for otber economic reasoDS, not to speak of tbe 
^eslhetto, it is a matter for congratalation that saoh a movement has 
set in. 

Over tbe Highland area above deecribed, which indndes aboat 80,- 
-000 acres of forest lands, th« entire saw-mill product noted is about 
674,000 (eet board measore of lumber annaally. In addition to this, 
an excelsior mill at Butler uses about 1,800 cords. There is a large 
•coDBumption of railroad ties aud telephone poles, and also oordwood, 
Jbesides the fuel used within the distriof. 



F0BB8T HAF. 

The forest map aooompanjing this t«port is based on the results 
<of the topographical sarveys which indicated the forest areas as they 
•existed from about 1886 to 1887. Am we have remarked, the areas 
thus shown induded all conditions of growth, from brush land to 
4ieav7 timber. The foieet areas still bear the same ratio to the entire 
«rea of upland that they did at the time of these surveys. Tbe map, 
'therefore, shows the percentage of area at present in forest over every 
part of tbe State. A line drawn from Long Branch across the State 
•to Salem divides the forests pretty accurately into two kinds. Those 
north are nearly all, or all, deciduous, while those south are mostly, 
or all, coniferous. This map gives a good idea of the position of the 
iforestB and of tbe deforested sectionB. The areas left white on the 
map containing less than 10 per cent, of foreet may be considered to 
be deforested, and anything less than 20 per cent, of forest indicates 
A pretty high state of cultivation. ' These areas, however, are mnoh 
relieved by the usual plentiful supply of large trees standing singly 
ox in rows along fence lines, in ravines, &c, or about residences, and 
by fruit orchards. Excepting, perhaps, portions of Somerset and 
Hunterdon counties, these trees are always sufficiently nnmerons to 
give the country a well-timbered appearance, and their value is 
-sufficiently appreciated to make their increase more probable than 
their decrease in the future. 

The following table is compiled from the areas given in the 
" Physical Description," and shows the total acreage of forest, with 
the percentage of upland in foreet for each county and for tbe entire 
State. This does not include scattered dumps of trees of less than 
«bout ten acres in ext«nt : 
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A PRELIMINARY REPORT ON THE FOREST 
CONDITIONS OF SOUTH lERSEY. 



BT JOHN GIPPOBD. 



INTBODUCTION. 

Forestry work in South Jersey began the first of Jaly, 1894. 
During the five months of field work ap to January, 1896, the forest 
•conditions of the Southern Interior, which comprises all of Atlantio 
and Ocean and lai^ [Mirte of Burlington, Cape May and Cumberland 
■4x>untie8, have been studied. The causee, effects and prevention of 
■forest fires and the effects of drifting sand along our coast have been 
noted. Savanna lands have been located and examined, and experi- 
ments are in operation by which we hope to show the inflaenoe of 
-forests on our local climate. The pecaliar territory known as Hie 
'^' Plains " lias been studied and mapped. As the forest condiUons 
4iave not been studied throughout the year, this report is neceesarily 
only preliminary, and further investigations may necessitate modifica- 
iions of the views herein expressed. Every effort has been made to 
■arouse interest in forestry, looking to the revival of the lumber in- 
'dustry and the estttblisfament of other industries dependent upon 
forest products. 

A line drawn from Sandy Hook to Bordeutown conveniently sepa- 
Tates the State into N^orth and South Jersey. Another line from 
-Long Branch to Salem approximately divides South Jersey into two 
natural get^raphical regions — one comprising the marl belt and allu- 
vial lands along the DeUware, the other the Soatbem Interior salt 
■marshes and beaches. 

In the marl r^on forests are few, since the soil is devoted to agri- 
•enlture. Here and there are protected wood-lots. A few acres of 
'trees in a spot where the soil is poorest is a valuable addiUon to any 
^m. It not only improves the soil, retains the moistnre and fur- 
tfiishes fuel, lumber and other minor products, but it lessens in many 
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wajB the destniotive forces of nature. Id that way foreata beoome- 
evenly diatribated in well-cared- for patoheB over all the coantiy, an^ 
are folly as efFeotive aa broad atretches of neglected woods. 

The territory known aa the Sonthera Interior ia the main anbject 
of tbiB report. The fertile farm land of the marl belt abruptly enda 
and a wooded, aparaely-inbabited region with peonliar phyaical oon- 
ditioDB begina. The natare of the foreata of at leaat a part of the- 
Sontbem loterior conceraa the faimera of the marl region becanse 
many of the atreama which Aaw by their farms to the Delaware riae 
in its bogs and ewampa. The Sonthern Interior is boaoded on the 
northwest by the &rm lands of the marl r^on, on the southwest by 
Delaware bay, and on the aoatheaat by the ocean. It is included 
between latitudes 40° 20' and 38° 55' and longicndee 74° and 75° 30'. 
It ia fringed on the bay and ocean aidea by salt marshes, which are 
separated from the ocean by a line of slender sandy beachee. It is 
rolling in nature, seldom exceeding an altitude of 200 feet. Its- 
height is greatest in a line the general courae of which is nearly 
parallel to its northwestern border. This incladea the water-sheds of 
South Jersey, a map of which ia shown in the report of the Btate 
Geologist for 1893, page 273, illustrating the work on "Water- 
Supply and Water- Power," by C. C. Vermeule. Save for tongues- 
of high land between tbe rivera, the region alopes gently from the 
water- shed to the bay and ocean, into which its largest atreama flow. 
Tbe i^ion on the eastern side of tbe water-shed is drained by the- 
Mullica, Great E^ Harbor, Manrice, Tnckahoe, Toms, Forked and 
Wading rivers, and by many creeks. Owiug to the warmth of the 
soil, the nearness to large bodies of water, and the presence of a. 
large amount of swamp laud, the climate here is somewhat milder 
than that of r^ons in the same latitade near by. Light aandy soils 
predominate. There are many beds of olay, ridges of gravel and 
extensive areas of sandy and clayey loams. The gravelly soils ar& 
nsoally on the upland ; the sandy, intermediate ; and the loams in the 
lowlands. The lack of forest cover would probably tend to increase 
this condition of affairs, since, owing to erosion, the lightest particles 
are carried the longest distance. Fertile silt is thus washed into the 
lowlands and obstinate pebbly soils remain on the ridges. A forest 
cover is acknowledged to be a potent geological agent in arresting 
this action. The mat of roote and mulch retards the flow, the shade 
and windbreak prevent evaporation, and a large amount of water 
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inalead of flowing directly to the wa is retained, absorbed by rootB 
and traDSpired by leaves. There is do difiint^ratii^ rook, and 
owing to the natare of the formation there is probably a laok of 
solahle inorganic enbetanoes in the soil. It is the opinion of the 
nujorify of foresters, however, that more depends upon the mechan- 
ical than npon the chemical natare of the soil. Upon the size of the 
interstices of the soil depends the flow of water, and upon the ' 
quantity of water in the soil mainly depends the nature of the forest 
which covers it. On the other hand, rock is in the process of 
formation. Sand and gravel are being cemented by componnds of 
iron into sandstones and conglomerates. The climate, nature of the 
soil and the formation of rook have much to do with the peonliar 
forest conditions of the Southern Interior. The climate and a lai^ 
percentage of the soil of this region are favorable to forest growth. 
A light moist soil with no hardpan near the surface is better adapted 
to sylvicnltnre than to any other branch of agriculture. In this 
connection, Mr. B. E. Femow, Chief <^ the Forestry Division of 
the Department of Agricalbire, says : "As r^ards adaptability to 
soil, we need consider only the physical conditions of the soil, for 
forest trees require such small amounts of mineral matter that it is 
questionable whether a soil oonld be found that does not contain in 
suffidency those that seem necessary." Light sandy soils require a 
forest cover to prevent shifting, to retard the flow of water and to 
improve their condition, sinoe a forest exerts a recuperative and not 
an eihanstive infloenoe. With the annual mulch inorganic sub- 
stances from the dewier soils are deposited in litter on the surface. 
The forest cover, inolading the underbrnsh and herbage, prevents the 
pelting rains from leaching the surface soil. 

The climate of South Jersey is favorable to tree-growth. Of 
course, the efllects of cold increase as the mercury desoends, but the 
effect of a difference of a single degree at or near the zero point meanft 
more to tree-growth than is ondinarily supposed. The effects of frost 
OB the trunks of trees are common. Trees grow with remarkable 
rapidity in parts of the Southern Interior. The white oak (Qaermtt 
aS>a), which is usually associated with rich, heavy soils, grows well 
in Jersgr sand. Clumps of virgin forest here and there and records 
of early travelers show that the forest-growth was once mt^iGoent. 
Ship-building was for many years an important industry. Timbers 
hewn from Jersey pine are famous for their durability. In several 
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iDBtsnoee they have oatlasted the finest varieties of Soatheni pine. 
Several achoonerB were timbered with Jersey heart-pine in 1861 
-whose frames are still sonnd. Enormoas qnaotitiea of charooal were 
■used in the manufaotare of iron from bog ore. Cordwood is still 
-extensively burnt hy local glass factories and brickyards, and many 
-oords are still carried by small schooners to neighboring cities. The 
.principal, aod not the iacrement, has been cot and burnt, and in 
epite of a low price, were fires less destructive, the system of cnttiDg 
Judicious and the taxation in proportion to the profit, the growing of 
wood and other products of the forest would pay. In fact, np to 
..reoent years, the leading industries depended upon the woods. 

Except for strips of cleared land along the shore and along rail- 
roads and navigable rivers, the Southern Interior is still a wooded 
-country, only a small percentage of which, however, is worthy the 
name of " forest." In Ocean and Burlington counties there is an 
iirea of alwnt 225 square miles which seems hopeless for the profitable 
cultivation of trees by individuals. It includes, however, an im- 
portant part of the water-shed of South Jersey, and feeds hundreds of 
branches which fiow in all directions. Other land which at one time 
supported a heavy forest-growth, because of reckless cutting and 
«hameful burning with no attempt at r^eueradon, has gradually 
'deteriorated. Vast areas are at present worthless and their owners 
*" land poor." Woodland often sells for the value of the wood that 
■^MvetB it Although considerable land has recently been cleared, 
'fanndreds of old fields are overgrown with pines and red cedars, and 
•meadows onoe banked and cultivated are now neglected. 

In the agricultural parts of South Jersey, especially along the 
'Delaware, the planting of wood lots and belts of forests needs to be 
encouraged. During the strong winds of the spring clouds of sand, 
in the cultivated regions along the Delaware, may be seen from the 
Pennsylvania side, fully fi?e miles distant. Not only do the grains 
of sand cat and bury crops, but the wind has a peculiar parching 
■ effect. Experiment has shown that the protection afforded by such 
-«mail objects as fences is remarkable. The writer believes that next 
to yielding fuel, lumber and other valuable prodncts, the most usefnl 
'function of the forest is in breaking the force of the wind. The 
'-forest is a protective blanket over the face of the earth, breaking the 
' i>Ust8 of winter, shielding the surfooe from the direct rays of the son 
vand the pelting force of rain. 
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Id the Sonthern Interior of New Jersey, maoh of which will, no 
doabt, Temain in forest foi many ^eflrs to oome, in spite of itB near- 
neea to lai^ popniation oenters, the prevention of fires demands atten- 
tion. In speaking of this region, Mr. B, E, Feinow, of the Forestry 
Division, ea^s : " When the danger of loss hj fire has been reduced, 
then it will be time to show how hj the jadioious nae of the axe the 
«ondition and nsefalneas of the nstnral woods may be increased and 
finally a rational system of forest management intiodaced, for forestiy 
is not what its first advocates in this country believed it to be, the 
preventing of the nse of the forest or the rel^atioo of the same to 
one use only, namely, as a cover to preserve equable water oonditiona. 
Forestry ia exactly the same as agricaltnre. It is the application of 
«nperior knowledge and skill to prodnoe wood crops, managing them 
in sQch a way that the largest amonnt of the best timber is produced 
in the shortest time; or, in other words, the largort income from the 
forest property, mthont leaving ont of consideration the other benefits 
Accruing from a dense forest cover." 



LIST OF TBBBS OBOWINO IN THE SOUIHBBN IHTEBIOB OF 

SEW JEBBET. 

Important traci ue muked nlth ast&r. Exotic ipeolM ai« printed in amkll c&pitali. 

* MsgQolia glsaca, L. Magnolia, sweet h&j, laarel magnolia, brewster. 

* Liriodendron tulipifera, L. Tulip tree, white poplar, whitewood, yellow poplar, 
magnolia maple. 

Xanthoijlum Americanam, Mil). Prickly ash, toothache tree. 
AiiANTHns GiiNDUi/isna, Desf. Tree of Heaven, tallow tree, pride of Chins, 
Mink tree. 

*Ilei opBca, AiL American holly. 

* Acer riibnim, L. Bed maple, swamp maple. 
RoBiNiA FSBDSACAciA, L. Common locust. 
BoBiNiA viscosi. Vent. Clammy locust. 
Glbditschia triacanthos, L. Honey locuat. 
Prunus Americana, Marsh. Wild, yellow or red plum. 
Prunus aerotina, Ehih, WUd black cherry. 

PYBU9 JtiLTTB, L. Apple. 

* Liqaidambar styraciflua, L. Bilsled, sweet gum, ling, alligator wood. 
Comua florlda, L. Dogwood. 

•Nyssa sylvatica. Marsh. (N. tmtUifiora, Wang.) 8onr gum, tupelo, pepperidge, 
Alack gnm. 

Diospyros Virginiana, L. Date plum, persimmon. 
FraiinuB Americana, L. White ash. 
FraiinuB viridia, Michi. f. Green ash. 
Chionanthus Virginica, L. Fringe tree. 
Catalpa bignonioides, Walt. Indian bean, catalpa. 
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* SasaafraE offidnal^ Nees. Sasgafras. 
Ulmus Americana, L. Commoa elm. 

Cellia occidentalis, L. HtMttirj, sngarberry, baatard elm, juniper. 
Morns rubra, L. Red mulberry. 
MoBUS ALBA, L. Wbite mulberry. 

PlatanuB ocddentalis, L. Plane tree, buttonwood, ajcamore. 
Hicoria ovala (Mill.), Brilt. (Oarya i^ba, Natt) Shagbark, ahellbark, 
''Hicoria alba (L.), Britt. {Oarya tomentoaa, Natt.) Mokemat. 
Hicoiia glabra (Mill.), Brltt. (Cart/a pordna, NutL) Pignut. 
Hicoria minima (Marsb.), Britt {Gaya amara, Nntt,) Bittemnt. 
Juglana nigra, L. Black walnut 

* Betula populifolia, Marsh. While birch, 
'Betula Digra, L. River birch, red birch. 

QuerciM alba, L. White oak. 
*Quercus miaor (Marah.), Sargent. (Q. oituii^o, Michz.) Poet oak. 
•Qoercos bicolor, Willd. Swamp white oak. 
'"Quercos prinus, L. {Inehida, var. monticola, Micbx.) Chestnut oak. 

QuercuBMnhlenbergii.Engelin. ^Q,prinu»,L.,mT.Aeummila,Michx.) Cheatnnt 
oak. 

"Qoercus Muhlenbergii, var. humilis (Marah.), Brilt. {Q. prinoidee, Willd.) 
Cbinquapin oak, sweet acorn. 

*QaercuB phelloe, L. Willow oak, pin oak, peach-leaved oak. 

QuercUB phellos, var. pumila, Parah. 
''QaercnB nigra, L. Black-jack. 

Quercus belerophylla, Micbx. f. Bartram'a oak. 
''QnercDa ilicifolia, Wang. Scrub oak. 
*Qnercus cuneata, Wang. {Q.faletUa, Michz.) Spanish oak. 

* QuercuB coccinea, Wang. Scarlet oak. 

* QuercuB tincloria, Bartr. Black oak, 

* QuercuB rubra, L. Bed oak. 
Quercua palustria, Ihi Eoi, 

* Ca^lanea sativa, Mill., nor. Americana (Michx.), Sargent, Chestnut. 

* FaguB ferruginea, Ait, Beecb. 
Salix humilis, Mubl. Low willow. 

*Saliz discolor, Mnhl. Common ewamp willow. 

Salix aericea, Marsh. Silky willow. 

Salii cordala, Mubl. 
*8alii nigra, Marsh. Black willow. 

Salix alba, L. White willow. 

Fopnlaa tremuloides, Michx. Aspen. 

POFULUB FABTiGiATA. Lombardj poplar. 

PopalaB grandidentata, Micbz. Large-toothed aapen. 

PoPCLna ALBA, L. While poplar, abele. 
•Chamfficyparia thyoides (L.), B. 8. P. (Ciipr«fu« Ihyoidtt, L.) White cedar. 

* JnniperuB Virginiana, L. Red cedar, savin, 
*Finu8 rigida. Mill, Pitch pine, rough-bark pine. 

* Pinns Virginiana, Mill. (P. inops, Ait.) Scrub pine, spruce pine, hemlock pine> 
"Pinnsechinata, Mill. (P. mflu, Micbx.) Yellow pine, smooth-bark pine. 

* PinuB strobns, L. White pine. 

I^uga Canadensis (L.), Carr. [AbUi GmadenrU, Michi.) Hemlock spruce. 
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GBOOBAFHIOAL DierTBIBUnOK OF TBEBS IN THE SOUTHBBN 
IHTBBtOB OF NEW JEBSBT. 

Owing to the physical oonditioDs of the Sonthera Interior the ejlva. 
ie peonliar. The geographical diBtribation of trees is dependent npon- 
a great variety of oonditiona. There are agents of dissemination and 
barriers of maoh and little importance. The species that can over- 
come these hindranoes with the least diGSonlty predominate. In 
order to explain, therefore, the distribation of trees in South Jersey 
a knowledge of the barriers, of the ability of the trees to oreroome- 
these barriers, and of the agents of dissemination is necessary. All 
this embraced ander the general phrase of " forest conditions," i» 
neoeaeary in order to devise a rational local system of forest r^nla- 
tion. 

Trees are usually distributed by winds and onrrents of water, and- 
by animals and man. Fruits are usully supplied with attachments 
in the form of winga or with bright colors and sweet juices to aid in 
their dissemination. The principal barriers are nusuitable climatic,, 
soil, and moisture conditions, rav^;es of fire, animals, especially in- 
sects and cattle, parasitic plants, mainly fungi, man, and the conten- 
tion with other plants which have gained, or are striving to gain, 
possession of the soil. On the upland of the Southern Interior the 
distribution of trees is mainly the result of years of careless catting 
and burning. The original forest cover has practically disappeared 
and a large percentage of what remains is in a poor condition. The 
choicest timber on the upland was yellow pine {Pinus eehinata). 
Only several small patches of this vii^in pine remain, the finest of 
which is at Inskipps, on the road to the Blue Hole froin Winslow. 
Another beautiful grove may be seen at Jenkins Neck, and other 
clumps have been left in protected spots. It is known to woodmen 
as the smooth- bark pine. 

The rough-bark or pitch pine {Pinus riffida) not long ago was the 
dominating forest tree. The adaptability of the species is remarkable. 
It is common on the driest uplands, where other trees perish, but 
grows much larger in a shorter time in the deepest swamps. The 
growth of this pine illustrates a point which explains the distribution 
of trees in many places. A species grows where it meets with the 
least opposition. It is not preference, but endurance. The red cedar 
{Jun^ierus Virffimana), for instance, in South Jersey, grows in dry 
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fields, while in the Southern States it is common in ewamps. The 

-quality of the timber also depends upon the location of the tree. 
Upland pitch i»ne is fall of resin and is fit only for rongh work and 
«ordwood. Swamp pitch pine is lighter, more durable, and is in 
demand for pUnhs and logs. It is claimed that the red oedar which 

-grows on the beaches of Sonth Jersey is mnch more durable than 
that which grows on the mainland. 

tt is a fkct worthy of notice in this oonnection that the white pine 
(^Pintu gfro&uc) is Dsaally associated with rather rooky uplands. The 
only plaoe in Sonth Jersey, in the knowledge of the writer, where it 
grows in the forest is in Manafaawkin swamp. It has been mnch 
cut, but a number of lai^ trees remain. They overtop the cedars 
and other trees of the swamp and have grown with remarkable 
rapidity. Stumps twenty- five inches in diameter averi^ about fifty 

- annual rings. 

The spmoe pine {Pinut Virginiana) is abundant in West Jersey, 
on gravelly ridges. Small clumps and single trees are scattered 
sparingly through the Southern Interior. 

According to the leading botanists, the habitats of the pines which 

. grow in South Jersey are as follows : Pinut Virffiniana, " dry, sandy 
or gravelly ridges ; " Piniu echinala, " sandy or light clayey soil ; " 
Pinvg rigida, " sandy, barren soil ; " and Pinus atrobus, " rocky up- 
land." In South Jersey Pinus rigida and Pinua strobus grow the 
best in deep swamps ; Pinua eehinata in light, loamy soil, and Pinua 
Virginiana on gravelly ridges. 

The pitch pine is disappearing. It is a common obsravation that 
oak follows pine. This is the result of cutting and burning with no 

■attention to regeneration. Shoots spring up from the collar of the 
stump of a burnt or cut pine. These come from dormant buds, and 
when a few inches high they wither and die. The smaller the stamp, 
however, the more vigorous the shoots. There is practically no 
second growth to Jersey pine. A pine stump is soon invaded by 
several kinds of insects which eat the inner bark and outer wood. 
Even eggs are deposited in the soft young shoots. The bark of the 
stump thickens in places, pitch exudes and the scions die. Finally, 
the stump is devoured so that a shell of bark alone remains. Oak, 
on the other hand, products a vigorous second growth, lo almost 

■every pine woods there are a few oaks. The ground is oflen seeded 

iby fquirrels aad other animals. When the pines are out, these sup- 
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pressed oaks, with increased sanahine and do oppoeition, grow rapidly. 
Oak, with its vigoroua second growth, supplants the pine in places 
where the soil and moisture conditions are saitable. The majority of 
plants when asezaally reproduced de^oerate tn the coarse of time. 
The oak has maoh vitality in this respect, hot an oak from the stump 
is inf^or to an oak &om the seed. The light-winged pine seeds, 
thongh &eely scattered by the wind, are easily bnmt by passing fires 
and the second growth soon withers and dies, so that the d&ys of our 
pines are numbered unless cared for by the forester. 

The question of r^jeneration, next to that of fires, is the one which 
needs attention throughont the whole of South Jersey, It is the 
work of the forester to protect the weakest, if a valuable epedes. 
Weak valuable trees are often overwhelmed by hardy worthless 
kinds. The white cedar, for instance, is often replaced by swamp 
maple, magnolia, sour gum and the like. 

The oaks which have followed the pines are striving for a foot- 
hold sgainst fire and careless (sitting. The weaker speoiee will perish. 
Sornb oaks and bushes will soon alone remain, and finally even these 
will die, and a shady wood, inhabited by a great variety of creatures, . 
will become a lifeless desert. It is not necessary to imagine this. 
Such, in fact, is the oondition of a lai^ area in Burlington and 
Ocean connties. Owing to fires the pines are black and dead, the 
ground is white and bare and living things are remarkably scarce. 

If Sree are stopped, natural recuperation begins, and in the course 
, of years by slow stages forest conditions are established. It begins 
with lichens, grasses and low heaths. Seeds of pioneer trees, such as - 
the conifers, ara accidentally carried. It is, nevertheless, a matter of 
chance. By aiding nature in overcoming these barriers reforestation 
can be hastened. The soil of the Southern Interior recuperates 
slowly. 

Fields in South Jersey when abandoned soon become covered with 
Indian grass, the light seeds of which are sown by the wind. If a 
pine woods is near, many young pines appear, with here and there a . 
red cedar, the seeds of which are disseminated by birds which feed 
upon its fruit. The red cedar is usually scattered along fences, and 
owing to the density of its evergreen foliage breaks the force of the - 
wind and shields the field. * 

The difference in the rate of growth between pines which come np- 
in an abandoned field and in a r^on which has been burnt over is- 
very Boticeable. 
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Now and then in the woods, nsually amoDg the oaks, & hiokotjr 
may be eeen. 

The chestnut grows well in the Soathem Interior, bat is soaroe, 
owing to firee. It atill grows wild, as at " Chestnut " neck, where it 
was once abundant. 

There is little oak of valne lefl on the upland. In or near villages 
in protected localitiea large Bpeoimena may still be seen. Jersey up- 
land oak has been out many times, although still called "second 
growth." It is now mainly need for oordwood. Post oak (QtMrotM 
minor), black oak {Qwrmu tineUtria), white oak (Quereut tUba), 
chestnut oak ( Querout prmua), Spanish oak ( Quereat etmeata), led 
oak (Quereua ru6ra), blaok-jaok (Quereua ntgra) and scarlet oak 
{Quereut coemnea) are all used for fuel. The scrub oak {Quereua 
ilimJoHa) is common, but is of little use. The upland oak, owing to 
fires and continual cutting, has degenerated. Hybrids and inq^Iar 
forms are common. 

Altbongh frequent along streets and around dwellings, one seldom 
finds the buttonwood {Platanut oemdentalU) in the woods. This is 
probably the largest tree that grows in the Eastern United States. 
It ia claimed by many that they sometimes rival in size the giants 
of California and Australia. There are several beautiful specimens 
in the oaltivated regions of New Jersey. 

Tfaere are few elm aad ash trees in South Jersey. The catalpa, 
lindens, ailaathiiB, poplars, loonetA, maples (ezoepting the swamp 
maple) and mutberrys have been planted, bat have not gained a foot- , 
hold in the forest. 

The haphazard introduction of foreign treee is attended with danger. 
It is diEBoult to predict the effect of brii^ng an exotic tree into a new 
-environment. We can recommend the following trees for planting : 
White cedar {ChamcBOyparia thyoidea), yellow pine (Ptnuc eohinata), 
white pine (Pinus atrobua), chestnut [Castanea aaiiva, var. Americana), 
white oak {Quereua a^a) and swamp white oak {Queroue bieolor). 
There are no doubt many trees and shrube growing in the South which 
would thrive in South Jersey. 

The wild cherry [Pnmua aerotina) is common in fields, the seeds 
of which have been carried by birds. This tree is in ill-repute with 
farmers because, it is claimed, it exhausts an nndne amount of the 
soil. Crops in the re^on of a wild cherry tree are very noticeably 
adeoted. 
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The red cedar {Jtu^pena Vtrginiana) seldom grows in the woods 
of the Southern Interior bat is common in the fields. The preaenoe 
of these trees in fallow fields is nsually attributed to the faot that they 
•can endure dry, sandy soils better than other species. It is mainly a 
matter of chance, however, whether the pines oi cedars get diasemi- 
■ated first. One is dependent upon the winds, the other upon birds. 
This tree is very seriously afieoted in Soath Jersey by a peoaliar fun- 
flOB [Oymnoiporangium maoropw), commonly called "cedar apples." 
^Diis heterosoions parasite summers on the leaves of the apple. The 
cedars on the beaohee are slightly, if at all, affected by this fungus. 

The Lombardy poplar (Popuiui feuHgiata), a native of Asia, once 
•0 oomm<m aronnd old dwelUngs, is rapidly losing its hold, owing, it 
is claimed, to the fact that only trees of one sex were introduced into 
this oonntry, the male and female fioweis being on separate trees. 
This is an interesting example of the effects of long- continued asexual 
reproduction. 

The common locust {Bobmia pteudaaama), a native of our South- 
west, is a tree which yields a very valuable wood and grows under 
advose otniditions, bat is much a^cted by the ravages of a txwer 
which causes the limbs to die, so that the tree presents a very straggly 
appearance. 

Tlie ailantfans {AUantluu glandulosui), a native of Asia, was once 
maoh planted along streets and iu barren soils, but is generally dis- 
liked on account of the disagreeable odor of its flowers. The male 
and female flowers are on separate trees, and this objection oan there- 
fore be avoided by planting only the female tree, the flowers of which 
are odorless. The wood is more valuable than is nsnally supposed. 



THE PLAIKB. 

In Burlington and Ocean counties there are two remarkable areas 
known as the Eastand West Pluns.* The "trees" which grow there 
seldom exceed four or five feet in height. The growth is usually 
much shorter. A laif e percentage of the territory is covered with 
boshes about a foot high. In places the surface is almost bare. Low 
{dtdi pines (i^us r^rida), scmb oaks, and black-jack, laorel {Kalmia 
iaUfolia) uva-nrsi (Ardostaphylot uva-urn), arbntus {B^pigtsa repm^^ 
and ether heaths grow there. Even the pyxie {PyxidatdKera bar- 
iulata), whidi is nsnally foond in damp lowlands, is not uncommon. 

*See FlMe XL for location. 
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Id the sloagbB grasses, several kioda of boshes, ewamp maples and 
white oedaia grow. On the East Ptaios a sassafras is the highest 
tree. It is about fifteen feet high. The pitch pine is most abundant. 
It is mainly a. weak, degenerated second growth. The stumps jnst 
ander the ground are much bunched and full of reain ; above ground 
they are often knobbed by insects. They are called " ehe-pines ' by 
the natives and bear a large number of prickly oones. 

The laurel {Kalmia laUfolia) is the most vigorous plant on the 
plains. It is a beautiful evei^reen shrub growing higher than the- 
snrroundiDg pines. It often reaches the dimenaions of a tree in our 
swamps but is of remarkably slow growth. It is a valuable nnder- 
brusb owing to its ability to endure to a remarkable extent fire, dry- 
ness and other adverse conditions, although it thrives in swampy 
r^ons. 

The East Plains are located just southwest of Cedar Grove. Th^ 
contain 6,662 acres. The West Plains are just northwest of Cedar 
Grove and contain 7,737 acres. They are separated by the east 
branch of Wading river. They are almost wholly in Burlington 
county and are almost north and soath instead of east and west of 
each other. 

The Plains are hilly, tlie hills varying in height from 100 to 10& 
fe^ This territory is an important part of the water-shed of 8oath 
Jersey. Many streams rise in the sloughs along their edges, Id' 
several places the borders of the plains are sharply marked, but mostly 
they grade indistinctly into the surrounding territory. 

A ^mer on the edge of what are called the Little Plains, wbicb 
are really a part of the West Plains, has cleared a patch for cultiva- 
tion and seems confident that crops will grow there in its present 
condition. It is likely that more berries and sweet potatoes can be- 
produoed than timber trees. It is often the case that land unfit for 
other crops will grow trees, and often land unfit for trees will grow 
other crops. The same farmer, however, dug several maples from the- 
swamp and planted them on the Little Plains. They grew until 
killed 1^ fires. The white cedar which lines the small branches that 
run into the Plains looks fresh and thrifty. At Cedar Grove, in the 
valley between these Plains, trees grow without difBcolty and the soil 
is productive. 

On the Plains the surface-soil is white sand, the snbsoil a clayey 
loam and gravel at varying depths, generally within one or two feet. 
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of the surface. . The sabHoil is quite hard, lesdering the penetration 
hy roots diffioalt. In maD7 places a hardpan of iron ore lias formed, 
or is forming. In other places there are beds of clay. 

The reaalte of the chemical examination of the soil of the Plains 
are not disoonraging. Owing to the absence of diaint^rating rook, 
and leaching dae to tains beating on the I»rren aarfiice, a lack of 
aolnbie inorganic substances is expected. A dearth of these 8dI>- 
stancea in the soil is, however, probably in itself insufficient to prevent 
the growth of trees. 

Two specimens of the surface-soil of the Plains and two from the 
aurroonding territory where trees of fair size are growing were 
analyzed. These examinationa seem to indicate that the difficulty is 
not a ohemical one. According to the following analyses the soil U 
certainly rich enough to support a good forest growth : 



Nitrogen 

Fhosphoric acid 
Potash 

Silica, insol 

Alumiaa 

Fen ic oxide 

Ferroiu oxide.... 
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Trees which are not second growth on the Plains seem to reaoh a 
certain size and then die. The tops perish first, presenting an appear- 
ance which is often called "stag- headed" or "top-diy." This is a 
condition which is usually due to a lack of water, or, owing to the 
nature ot the soil, the roots are unable to perform their proper 
functions. 

The Plains have been burnt over many times. Being considered 
worthleea, fires have had their way. There are stamps and now and 
then dead trunks of trees of larger size than those growing tha« 
to-day. Much of the pine is at present abont twelve years old. 

This peculiar territory is probably caused by a combination of 
barriers. Destructive fires must be ranked first These Lsve burnt 
the seeds, produced a worthless second growth, destroyed snrfiioe 
maloh, exposed the soil to the beating force of the rain and the dry- 
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ing effect of the winds. Next oomea an obstiuate eobaoil, wfaich 
prevents the penetration of roots, and finally a lack of moisture, due 
to ft lack of forest cover and to the hilliness of the ooantry. 

It is impossible to tell whether the Plains have ever enpporled a 
forest growth of considerable size. It is the testimony of tradition 
that trees have never grown there. The belief is also paramoant 
that trees will not grow there. Owing to fires, there are regions in 
all grades of condition, some of which in Ooean county are already 
in as bad a state as the Plains. 

The Forked river moantain r^ion ia little, if any, better than the 
Plains. Perhaps the Plains once aapported a growth similar to that 
which may now be seen on high, gravelly ridgea where no fires have 
burnt. It is likely, also, that by stopping fires and reseeding to a 
certain extent with a species which can endure adverse conditions a 
growth can be produced in the course of time which, even if nneuo- 
oeeaful in the production of merchantable timber, will have a bene- 
ficial influenoe in regulating the supply of water in the streams which 
rise in the sloughs along their edges. 

These wind-swept, aun-Bcorched Plains, and the contiguous territory, 
embraoiDg the heads of streams which flow into both the Delaware 
and the ooean, are well fitted for a reservation. They are, at present, 
useless except to land speculators and pine-knot gatherers. Their 
proper improvement is beyond the power of individuals. As an 
object leraon and a benefit to the surrounding territory, especially to 
the b(^, which demand a regular flow of water, no better spot for a 
reservation could be selected in the Southern Interior of New Jersey. 

The reforestation of such areas is a slow and difficult process. 
Considerable experimentation is necessary before oondnsioos are war- 
ranted. The first and most important questions are what and how to 
plant. The first step is, of course, to stop fires, which is a simple 
matter in such a r^on, owing to the meagemess of the growth, so 
that a good undergrowth can establish itself. Economic shrube, such 
as the laurel and sumac, grow well on the Plains. Several legumin- 
ous plants have been recommended, owing to the rapid way in which - 
they enrich the soil. In the lowlands, where there ia no hardpan, 
willows and white cedars will grow. Conifers are most suitable for 
planting on dry uplands for at least two reasons — first, they furnish 
a dense cover throughout the year, and, second, they can endure with 
from one-sixth to one-tenth the amount of water required by deciduous 



;vGoo»^lc 



THE STATE GEOLOGIST. 



eWJLHP LAJID. 



A veiy ]ai^ amount of the Sootfaem Interior of New Jersey is 
«wamp land, aemi-swamp land, ssvaBna-laod and cripple. Low, 
{[rassy areas are called " savannas," and low, busby areas " crlpplea," 

Tbe most important tree in tbe lowlands is the wbite oedar 
■(ChamcBByparu ^yoidis). From the aocamalation of oedar 1<^ in 
the beds of many swamps it is safe to call it a native tree. There is 
nothing more charaoteristio of the region than swamps of oedar. It 
■grows in dense masses along fresh-water streams. It is becoming 
«carce owing to the value of the lumber, lack of attention to regen- 
-eration and demand for the bottom for cranberry bogs, 
t When a oedar swamp is out, the kind of trees which follows depends 
- upon several conditions. If the ground is seeded with gam, maple 
«nd the like, the oedar loses its hold. If the bottom is not well 
fleeded with other trees and the snnoanding oedar is in frnit it may 
'Come up in oedar. It most be boine in mind also that the year, as 
well as the time of year, has its influence, since to trees there are 
vegetative and reprodnotive periods. The cedar is usually a prolific 
«eed-bearer. Its small, winged seeds are disseminated by the wind. 
It fmits when very yoang. It is not uncommon to find a white 
oedar three feet high in frnit. 

When a swamp bottom is burnt it often oomee ap in white cedar 
«s even and dense as a field of wheat, while a swamp which has been 
out and not burnt over produces a great variety of swamp trees. 
Although a common obs^ation, this is m(»e or less of accidental 
oocorrence. A swamp bottom is usually well seeded with a variety 
of trees and shrabs, the seeds of which have been carried there in a 
variety of ways. A fire destroys these seeds and forms a soil on the 
surface of the mnck. If this occurs when the oedar is in fruit, its 
light seeds ore sown by the wind and cedar soon abundantly appears. 

There are Ihoneands of acres of land in South Jersey where the 
oedar will grow with little care, but owing to brush and other lees 
valuable trees it is unable to establish itself. There is a small bot 
thrifty swamp in Atlantic county which originated in this way : Three 
cedars were planted in a meadow. Other trees were not allowed to 
grow. Soon the gronnd was seeded and a mass of young oedar ap- 
peared. The trees are now fit for timbra aud the three originals may 
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plainly be seen above the rest of the swamp. After the stopping of 
firee the regeneration of white cedar deserves attention. 

In many low regions white birch is coming in large qnantities. It 
never grows to a very large size in Sooth Jersey, It is need to some 
extent for nmbrells handles and caoeB, The river biroh is also not 
nnoommon. 

Willows are not plentiful in Soath Jersey althongh there is mack 
land adapted to their caltivation. They are mainly disseminated by 
tlie wind. The brandhE» which are snapped off by winds and rush- 
ing water easily take root in swampy plaoes. 

The hardwood swamps nsaally contain maples {Aeer rubrvm), bil- 
Bted {Liquidambar glyraoijlaa), tapelo (Ny»aa si/lvaiioa), and brewster 
{Magnolia glauca), with swamp hockleberry, swamp enmao and other 
bushes. In several localities there are swamps characterized by » 
great variety of species. lu Oriscom's swamp, between the Tuckahoe 
and Great Egg Harbor rivers, large beeches and tulip trees are grow- 
ing, also swamp white oak {Qutreut hieolor), white oak, black oak, 
chestnut oak, willow oak {Quercua phelloa), bilsted, brewster, birofa, 
holly, sassafras, tapelo, swamp maple, pitoh pine and white oedar. 
Willow oak and bilsted are plentiful in Cape May and Atlantic 
oonnties. This swamp is the only place in South Jersey known to 
the writer where the ewamp-wbite-oak is abundant. It is a mag- 
nificent tree and deserves to be phuited in low r^ions, Manahawkin 
swamp resembles Griscom's in the variety of its trees. It contains, 
however, a large amount of white oedar, also white pine, wbieh has 
not grown in Grisoom's. 

These are good examples o£ the condition of the original swan^ 
of New Jersey. They have not been seriously affected by fire. It 
is remarkable, however, to find beech and tnlip trees on the ocean 
side of New Jersey separated from the beech- an d-talip tree cotuliy 
by a broad stretch of pine land. The writer believes that the 
chestnut, beedi, tulip and other trees were once well distributed 
throughout the region, but owing to their inability to stand fire and 
owing to the demand for certain kinds of timber, the species able to 
eodare fire the longest and the useless species have increased accord- 
ingly. The selection of the best from the forest, even if the trees 
which are cut are of a large size, will cause it to deteriorate in the 
coarse of time if no attention is paid to the young trees which follow. 
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8AVANHA-LAND. 



There are many aciea of Eavanna^lsnd id South Jersey. The true 
eavannaXooBsiets of slonghs covered with a variety of grasses, with 
knolls or ridges where scragged pitch pines grow. These slonghs are 
underlaio near the sarfaoe hy a layer of bog-iron ore. On the knolls 
-the soil is deeper, so that trees oan gain a footing. In many cases 
the tap-root of the pine has been unable to penetrate the soil to enp- 
()ort the tree and this topples over in oonaeqneuce. The reforestation 
-of such a territory seems almost hopeless. Willows however would 
probably grow there. 

The presence of iron in solation is not detrimental to tree growth, 
in fact a certain amount of iron is necessiry. Experiment shows 
that io the absence of iron no coloring matter is formed in the leaves. 

Yegetation is a potent geological ^;ent in the formation of b(^ ore, 
which in turn is an etfeotive barrier to the growth of trees. The in- 
soluble red coloring matter in the soil of South Jersey is ferric oxide, 
which by a series of chemical changes through the agenoy of deoom- 
■posing organic matter is washed out and deposited in bc^ where it 
cements sand and gravel into an obstinate hardpao. 

There are three kinds of savanna-lands in Soath Jersey, due to as 
many caoses. The first is the true savanna produced by a haidpan. 
The seoond embraces grassy areas due to an excess of water. They 
are nsnally fringed, where the water is lees abundant, by bushes, 
maiDly oaasandra, called " prim " by the natives, and hacklebeny. 
The formation of such places is illostrated in the preparation of cran- 
4>erry bt^is. The place intended for a bog is banked and flooded. In 
the coarse (^ a oonple of years, all the vegetation except water grass 
is killed. Few trees can grow in an excess of water. The phyeio- 
Jogical changes in the roots demand an abundant supply of oxygen. 

A kind of savanna is produced by fires in swampy regions. Trees 
«nd bushes are killed, while the condition of the grass is actually im- 
proved by fire. It has been customary for many years in some 
countries to burn the grass to improve its condition, tbas killing or 
preventing the growth of trees for the sake of a few cattle. Burn- 
ing, blether with the ravages of cattle, is safGcient to aocoont for 
vast areas of grassy land, especially where the soil is not very favor- 
able to tree-growth. The burning of Baysnoa-Iands is still practised 
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to a slight extent in South Jersey. In such areas charred stamps are- 
BuEBcient to iadicate that a forest once grew there. 

Savanna-land formed hy fire and cattle, or even by an excess of 
water, will recover in the coarse of time. In places where land is- 
ecarce and labor cheap, bog ore has been brokeo so that trees may 
gain a footing. In limestone and other rooky regitais the organio- 
ocids emitted by the roots of plants and decaying vegetable mattw 
aid in the decomposition of the rock, bat a territory anderlaio with 
an impervioos layer of bog ore seems hopeless. The writer believes^ 
however, that the growing of willows and the swamp hackleberry in. 
saoh r^ons to be worthy a trial. 

THE BAI.T MA.BSHB8. 

The salt marsbee on the bay and ooeon sides of the Soatbern In- 
terim are of interest from a forestry standpoint because of their tree- 
leseneeB. Althoagh soft and fertile, the preeenoe of brine is on effect- 
ive barrier to all oar common species of trees. Here again the- 
grasses, sedges and a few other low herbs are alone able to endnre. 
When banked and slnioed these marshes freshen, Saoh a soil would 
be well fitted for growing the white oedar and willows. 

THE BEA.CHI!B. 

The distribation of trees on the beaches of South Jersey is pecaliar> 
There the forest has not suffered seriously from the effects of fire. 
The soil is a fine, moist sand in which, provided other conditions are 
favorable, trees grow rapidly. The fact that there is a little larger 
rainfall, and that the olimate is generally more moist and equable than 
in the Southern Interior, may account in part for the vigorous growth 
of trees along the shore. The marshes have acted also, no doabt, as a 
barrier in preventing the spread of seeds from the mainland by winds^ 
since a large majority of the trees which grow there are those which 
are usually distributed by birds. The forest saffers from the effects 
of strong winds and moving eands. Inland the trees bend toward 
the east, owing to the prevailing west winds, but along the shore^ 
they lean toward the west, owing to strong sea-breezes daring the 
period of growth. The principal trees are the red cedar, the hoUy^, 
the tnpelo, magnolia, wild cherry, baokberry, sassafras, and swamp 
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maple, Oaka and a few pines may also be found. Red oedar and 
holly are the predominating trees. Holly reaches a very lai^e size 
on these beaches. In the woods on Seven-Mile beach the red mol- 
berry is growing. On this beach the effects of drifting sand are well 
illostrated. 

When the tide falls the sand dries on the sarface and is blown in- 
land. Dunes are formed, some of which are thirty or forty feet in 
height. Behind these dunes is a dense forest, semi-tropical in natnre. 
The sand blast trims the tops of the trees near the edge of the moving 
dune B9 flat as though cat with shears. The movement of these danes 
is pecoliar. They are not hurled in large mosses, at irr^ular inter- 
vals, by strong winds. The sand, groand to powder by the waves, 
when damp is solid and immovable, bat any sunny day when ft sea- 
breeze is blowing, dried by the sun and wind, it flies over the sorfaoe 
like fine drifting snow and falls over the edge of the dune, slowly bat 
surely killing the forest before it. The trees prevent the wind from 
blowing back the sanj. The formation and movement of these 
beaches along the Jersey coast and the part played by these forests in 
aiding or preventing that movement is a question of much interest, 
deserving more attention than it haa yet received. Along the Bis- 
cayan shores in France, in Denmark and elsewhere, drifting sands 
have been stopped by sowing reeds, grasses and the like. 

Many trees on these beaches have died prematurely. This is often 
due to sand drifting around their roots. One may dig and waves 
may wash a laige quantity of earth from the roots of a tree and it 
will live, but fill in, often only a few inches, and it perishes in con- 
sequence. This has often been noticed in grading lots. The supply 
of air to the roots is probably thus affected. 

On Five-Mile beach there are no dunes of consequence, but a dense 
forest and many peculiar growths. Holly there disports itself like a 
member of the fig family. It is not uncommon to find two hollies 
grown together, or a limb of one grown fast to another holly, or one 
limb uniting with another limb of the same tree or joining the trunk 
to form the so-called "jug handles." In one instance two hollies are 
embracing and slowly killing a red cedar, several of the dead limbs 
of which have been surrounded by the trunks of the hollies. Here 
are countless examples of tree contention. The limbs of the hollies 
are matted and zigzag. The trees are fall of limb-boles, favorite 
nesting- places for flickers, which, witb the robins, are potent agents 
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of tree dislribatioD. The foreet at one time was very dense and the 
asderbraeh a mass of green briars. 

This condition ia probably due to a combination of caasee. Vigor 
and density of growth are doe to a mild, moist climate and a soft, 
moist soil. Strong winds and the work of cattle account, no doubt, 
in part, for the close, ja^ed growths which are common there. Cat- 
tle, for many years, ran wild on tbeee islands. The last were shot 
only a few years ^;o. Even the prickly leaves of the holly are eaten 
by haogry cattle, limbs of considerable size are polled down and 
broken off. Trees which they do not eat are injared when yoang by - 
being broken and crashed. 

The part played by mankind in effecting the distribntion of trees 
and the conditions of oar forests and their environment is of coarse 
paramount. In few places is it better illastrsted than in parts of 
South Jersey, Man is at one time an effective barrier and again a 
potent agent of distribution. The results of his reckless prodigality 
are everywhere visible. With little thoaght of posterity our woods 
have been treated in a shamefal manner. Although the principal 
industries once depended upon the woods, r^eneration of depleted 
areas has received bat little attention. This mast be overcome- by 
the education of the coming generation in the rudimeats of foreatry, 
and efforts are now in progress in that direction by the formation of 
associations and the distribution of literature on the subject. Although 
trees have been planted and groves protected by the better element 
of society, firee caused by maliciousness and carelessness have done 
damage which will require years of patirat work to repair. After 
years of each negligence the Slate owes thoee territories which have 
thus been impoverished a certain amount of protecti<»i. All that our 
woods need is simply oommon-senee treatment. It can be expressed 
in two short phrases — the prevention of fires and the jadioious use 
of the aze. 

CAUSES, EFFECTS AND FBEVENTION OF FOBEST FIBE8. 

Fire is the main cause of forest deterioration and of the general 
impoverished condition of a large part of the Southern Interior of 
New Jersey. There are few stretches of woodland in this r^ion 
which have not been more or lera dami^ed in that way. 

The causes of forest fires may be classified as follows : Incendiaries, 
careless individuals, locomotives and lightning. Professor Cook, in 
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*a article in the Fifueoth Aoiiasl Report of the State Board of Agri- 
oalture, eaye : " The causes of these fires are varioiis. Thoae given 
for the fifty-foar fire? of the censas year (1880) are as followa : Clear- 
ing land, seven; locomotives, twenty-eight; banters, six; ' malice, 
«even ; coal-pits, six." He estimated that the area bnmt over during 
that year amonnted to not less than 128,000 acres. 

The most serioas fires are asaally those which are purposely set. 
An incendiary bent upon mischief waits until the wood is dry and 
the wind in the desired direction. There are usually two motives 
t>ack of incendiarism — first, individual gain at the expense of another ; 
second, revenge. 

A few years ago it was not ancommon for colliers to fire a wood in 
-order to bay it cheaply. The charred wood is then only fit for char- 
-coal. Owing to the decline of the charcoal industry and the abond- 
anoe of charred wood in the forests, this is not prac^oed at present. 
la speaking of this in the article above referred to. Professor Cook 
«ays : " Muiy fires no doubt start from coalings, and it is comm(»i to 
■hear the belief expressed that some of these are started intentionally, 
in order to keep the coalers and wood-choppers at wwk, since timber 
-barned over mnst be cat at once, whereas it woald otherwise be left 
■to grow and increase in value. Those caoEed through malice often 
«re the reenlt of panishing or holding under sarveillance of timber 
thieves, by no means ancommon in the pine forests." 

Fires were set in meadowy regions to improve the grass for oattle. 
Savanna-lands are still bamt for that purpose where cattle are tamed 
Jnto the woods. 

It is claimed that berry- pickers set fire to hackleberry bashes to 
improve the berry crop. In a couple of years the young growth 
which follows bears lai^er and finer berries. Wood thieves, it is 
said, set fire to the brush and stumps to prevent detection. There are 
viany people living in the woods of the Southern Interior who own 
no woodland, but who gain a livelihood in a variety of ways out of 
woods which belong to triber people. They are mostly berry-pickers, 
honters and wood-choppers. 

Fires are set oat of spite. If a backwoodsman thinks himself 
wronged by a woodland owner, he often " gets even " in a dastardly 
way by touching a match to his woods. It is certain that for a variety 
of saoh parposes fires are set Such fires do much damage, and such 
people are difficult to convict. It is thb discouraging uncertainty 
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which has prevented many improvemeote in the woods of Bontb 
Jersey. Woodland-owners during forest- fire season feel iDaecure, ex- 
pecting a fire at any moment. The fire may be set to injure an enemy^ 
the wind 'may suddenly change and the reealt is difficult to predict. 
Several fires in Atlantic oounty were set last season in the eame legioD 
several nights in suooeasion. 

Seoond in importance are fires set by csielesa individuals. In 
clearing land fires escape from burning brush. A large foreign 
element has come to South Jersey to clear farms. This increases the- 
danger while the land is being cleared ; later these cleared areas will 
act as fire-breahs. Tramps, banters and boys with camp-fires, lighted 
guU'WadB, cigars and dgarettes cause many fires. 

ZiOoomotives are also often blamed. It is oertain that many fire» 
have been set by sparks from the stack and hot coals from the grate. 
The majority of the roads are using some care. On some roada 
engineer!) have been cautioned, safety-Btripe have been cleared and 
in one instance farrows have been ploughed along the road, and 
section men usually endeavor to put out the fires when caused by the 
locomotives. If engineers are carefnl, if the apark-arre8t«r is not 
withdrawn or poked with holes, if coals are dumped only in p]ace» 
prepared for that purpose, if safety-strips are cleared and furrows, 
ploughed along the road, and if section men are watchful and willing,, 
there is little danger from that source. It is certain that some rail- 
roads are using more precautions at present than woodIand-owner» 
themselves. 

Although not common, fires have been set by lightning. Certaii> 
species and solitary trees are more apt to be struck than others. 
There are several indications that a disastrous fire was set last sum- 
mer in South Jersey by lightning which struck a solitary tree in a 
field of dry grass. 

The amonnt of damage depends, of course, upon the severity of the' 
fire, which in turn depends upon the dryness of the wood, the foro& 
of the wind, the time of year, the kind of trees and the nature of the 
uttderbruah and soil. Often everything above ground is killed. 
The charred boles of hundreds of tree ^ fall and rot in the woods. In 
low ground, after a fire, fresh green underbrush appears, but high 
land recovers slowly, often remaining bare for many years. 

There is danger from fires about six months of the year. They 
are very destructive during the high winds in the spring, when there 



;vGoo»^lc 



THE STATE GEOLOGIST. 26T 

is little sap in the wood. Dry leaves cover- the gronnd and many- 
cling to the low oaka. 

Often lai^ pine trees appear to be bnt slightly affected by a ground 
fire which burns the anderbruBh and leavea on the snrface. Bark 
is a noQ-oonductor of heat, bat if the cambium, the active part of the- 
tree jnst beneath the bark, is affected, the tree dies. Even then, if it 
happens in the spring, the tree appears to be reaovering. Dormant 
bads in the trunk spront and fresh green leaves are formed. It i» 
better to cat such trees, since they soon die, When the starchy mat- 
ter in the trunk is exhausted these sprouts wither and die, the tree- 
is invaded by insects, rots and topples over. Even a pitch pine log^ 
if cut in winter, sends out freab shoots from dormant eyes in the 
spring. Even if the tree itself is not directly injured by fire, i(» 
supply of nutriment and moisture is affected by burning the nnder- 
growth. 

The burning of nnderbrosh has been advocated as a sort of remedy- 
for the prevention of fires. Some have suggested cutting down the- 
nnderbrnsh and trimming the trees. Such work wonld be expensive^ 
would do no good and in the end would be detrimental to the forest. 
Underbrush, in many places, is essential. It must, however, be the 
proper kind of anderbrush. We would reoommend some economical 
shrub. It is tme that underbrush smothers yoang trees, bnt this m 
not a serioua difficnlty in properly-oared-for forests. The amount ot 
mineral matter which a tree absorbs is insignificant. Water is the 
essential element. In checking evaporation and retarding the fliw, 
nndergrowth is often necessary. On the removal of natural litter - 
and undergrowth from a young forest the trees beoome sickly and 
unable to resist the inroads of parasites. In old pine woods on 
upland there is often little underbrush. The ground is covered with 
a thin layer of pine leaves. In the finest virgin-pine forest {Pimt» 
eehinala) in Sonth Jersey, where no fires have burnt and no trees 
have been cut for many years, there is a dense underwood, the chests 
nat oak predominating. 

Stump-holes are common in pine woods. When a pine tree is cut 
or burnt the stnmp decays and a bole of considerable size, with many 
ramifications, is formed. The ground is often riddled with 9ucb 
holes from suppressed trees. These drain the water from the surface. 
This, together with the slight shade of pines and the hick of under- 
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4>raBh, aoooQDte for th« dryoeaa of the soil and atmosphere of a pine 
woods. 

The qaesttoD of anderbrosh ia relation to the trees and soiJs of 
Sontfa Jersey needs to be carefnlly studied ; there is every reason for 
4)elieviDg, nevertbelese, that the proper kind of aadergrowth Is 
deeded in the woods of this r^ion. 

The eSects of forest firea may be claaeified as follows : Deetrnolion 
•of timber and other property, extermination of valuable species, im- 
poverishment of soil and destrnotion of seeds and game. 

The destrnction of timber, cranberry bogs, and even dwellings, 
Although it amoaots to many thousands of dollars in the coarse of a 
few years, is probably insignificaut compared with the damage con- 
«eqneDt apon this, which is beyond calcalalioa. Were we to allow 
-only the small sum of fifty cents damage to the acre, daring the last 
4ve years the loss amoants to not less than |300,000. In refer- 
ring to the damage done in New Jersey by firea in 1880, Prof. 
■Cook says : "A large amount of cedar swamp was destroyed by these 
£ree, and $10 per acre would not more than cover the direct damage 
'to timber, making the loss for this year $1,280,000, nearly equal to 
the total value of the annual lumber production of the State. On 
the whole, the loss in timber from forest fires in the State, on a low 
•estimate, has averaged f 1,000,000 per year for the last fifteen or 
twenty years." 

Since one species of trees is affected more than others, a kind of 
«election oondnues, which aooounts for the peculiar distribntion of 
trees in certain parts of Sonth Jersey. Thick- bark trees and trees 
which produce a vigorous second growth survive the longest. Pitch 
pines and oaks, therefore, predominate in Sonth Jersey, while in 
isolated poutions, protected from fires, a great variety of trees may 
be found. Certain plants, although covered with a thick bark, contain 
Bubetanoee in the form of resins, oils and waxes which are inflam- 
mable. Others contain substances which have a tendency to quench 
free. The sowing of such plants along safety lines has been sug- 
.gested to prevent the slow bat destnictive ground fires. 

The white cedar, the most valuable timber ties in South Jersey, 
4ind one of the choicest soft woods of America, although growing in 
wet swamps, is ofl«n serioosly damaged by fire. The heat, although 
at may not bum, is often sufficient to kill the cedar. In unosaally-dry 
weather fires bam for many days in the bed of the swamp, destroying 
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in a short time what has been ages in aooamalating. It is often 
Deoessar^ to dig deep trenchea in order to check its headway. For 
fear of fire, cedar ia cut when fit only for rails, hop-poles and laths- 

The most serious daou^ is dose to the soil. Were it not for » 
forest cover a large part of Soath Jersey would be a bed of shiftiog: 
saods. Destroy that forest cover by incessant burning and sudi » 
condition can easily be produced. 

In a dense forest the leaves and wood which accamnlate on the- 
Burfaoe are subjected to peculiar changes. In that material are con- 
tained the inorganic substances which the roots have absorbed froti» 
the deeper layers of the soil. Evaporation is prevented hy the sluide^ 
BO that this snrfaoe material retains the moisture. By the action of 
oonatless oi^^isms this surface covering is converted into hnmns.. 
Besides other inorganic substances of nse to plant-growth, according 
to researches of Frankland and others, bacteria are oontinually pro- 
ducing nitrates, the essential of wbidi is the element nitrogen, whiob- 
ia an important part of all living matter. FarmoiB are therefore- 
aoonrate when th^ daim that fire " cooks " the " life " out of a sandT- 
soil. The oi^^io matter in the snriaoe soil is often entirely burnt. 

According to Storer, " within porous soils nitrates are donbtless- 
formed rather freely, and, as is well known, the nitrates are easUy 
washed ont from soils, and are liable to go to waste after every rain 
that is long continued. They are, in fact, leaohed out of the soil^ 
and the manure from which they came rapidly wastes away. It i» 
said to be a matter of old and familiar observation in Genaany, that 
in sandy regions in seasons that are partiealarly wet the soil may 
finally be so thorongly leaohed that it becomes nnfrnitfnl." When we 
consider the facts that nitrates are easily washed out of the soil, that 
they are essential to plant-growth, and that they are continnally pro- 
duced during the period of growth from hnmos by the action of 
nitrifying bacteria, we can appreciate the damage to light soils by fire. 

When a forest is cut the yonng suppressed trees at once assert 
themselves, and the seeds on the surface quickly germinate and some- 
kind of forest soon follows. But when a fire p&asee through a wood 
the seeds are bnrnt, the tindeigrowth killed, the soil impoverished 
and the land most remain nnseeded nntit the winds or birds or man 
have disseminated a fresh supply of seeds over the snrfaoe. 

Some seeds are more seriously damaged than others. Light, wingeA 
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kinds are, of oonrse, quickly destroyed, while heavy, (hiok-ooated 
kinds may sink into the soil and eeoape. 

There are some interesting plants known as fir« weeds, eepeoially 
JS^tUobium angudifolium, which oome ap in abandanoe in burnt 
f^oqs. One can often locate the site of an old coalpit by a mass of 
this plant. It is not likely that the seeds have endured the heat, bnt 
vpon freeb seeding by the wind it is the first species able to endure 
the conditions produced by a fire. 

According to the statoments of several seamen the smoke from 
forest fires last summer occasioned such a fog along oar ooast as 
seriously to impede navigation. 

Many animals are also destroyed. It is not unoommon to see 
many of the smaller animals chased by a fire. By preserving the 
forest, the animals dependent upon its fruits are preserved also. The 
i>irds are valuable agents of dietribntion. Many a beautiful wood 
owes its beginning t« seeds accidentally dropped by birds. They 
«Iso destroy many of the insects which are destructive to woods. 
Even the field and shore birds seek shelter in the ibreet. Cedar 
ewampe are favorite nesting-places for a great variety of birds. The 
protecUon of forest and game go hand in hand, and the work of the 
forest warden and the game warden can be profitably combined. For 
the sake of wild game many beautiful foreetfl have been preserved, 
Th^ reservations, where game can breed unmolested, are valuable 
nuclei for the stocking of the sunounding territory with game, and 
for the spreading of seeds. Animals soon learn of and fiook to 
places where they can reprodaoe in safety. Many birds during the 
£erce tires in the spring of the year, many of which originate from 
the preparation of land for planting, are cooked in the nest. 

No improvement in the forest conditions of a country is possible as 
long as fires are allowed to bom without any systematic preventive 
measures. With no assurances whatever against inoendiaries and 
individuals guilty of criminal cu^lessness, the owners of woodland 
. are at the mercy of chance. Wood is usually cut in oouseqnenoe just 
as soon as there is a market of any kind. Property in the towns is 
often endangered. Capitalists hesitate to invest in woodland under 
such conditions. 

The total area burned over in South Jersey during the past season 
Amounts to not lees than 197,000 atares. 
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The moat important fires unoe last spring havfl burnt approzi- 
■iiatfll7 as follows : 

No. 1 began at Wading river; probably inoendiarj'; bamt five 
dwellings, one oranbeny bog, injured many cedar swampa and practi- 
'oally destroyed tbe yonng timber on 126,000 acres. It wonid be 
impossible to calcnlate the damage wbioh this fin oooasioned. It pro- 
daced a great deal of anxiety and several individuals barely escaped 
an awful death. In one instance a man's whbkers were burnt off and 
iiolcs were burnt in the blanket with which he covered bis hoise. 
In another instance, while carrying his sick wife to a place of safely 
in the center of a field, a man's house and all other possessions were 
destroyed, indnding $100 in cash. These are only two of many sach 
instancee. The r^on over wbioh it burnt in Ocean and Burlington 
oonnties will be many years in recovering. 

No. 2 began at Woodmansie ; probably set by lightning ; burned 
•over an area of abont 25,000 acres. 

No. 3 began at MoKeetown ; escaped from a very careless work- 
man ; destroyed one dwelling, injured several cedar swamps and oov- 
«red an area of about 12,000 acres. This workman was burning 
brnsb. He left tbe fire to eat his dinner. A passer-by saw the dan- 
ger and warned bim. The warning was not heeded and a very fierce 
fire was tbe resniL In snob a careless way many of the fires in 
South Jersey originate. 

No. 4 was probably set by a freight train on the road to Port Nor- 
ria. It burned over an area of about 10,000 acres. The following 
editorial concerning this fire is copied from the "New Jersey Patriot," 
of Bridgeton, for April 20th, 1894: 

" The freight train on the road to Fort Norris set fire to the woods 
near Dividing Creek station on Wednesday morning. Though it 
would have required but little effort to extinguish the fiames at first, 
the high wind prevailing soon fanned them into a fury which a thou- 
eand men could not have stayed. 

" Tbe wind swept it toward this city. Centre Grove was almost 
in the direct line of the fire, but a branch of the headwaters of Buok- 
«hutom creek checked the fiames and caused them to pass both south 
and west of the Centre Grove neighborhood. The fire was now 
making rapid progress and swept on to the east and north of Lum- 
mis Mill toward the road from this city to Bnckehutem. It crossed 
the road just this side of what is now known as the iron bridge and 
nearly five miles out &bm Bridgeton. From there it burned on both 
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Bides of the road to what is knowD as the old Borliagtoa ro«d, lead- 
ing from FairtoQ to GouldtowB. 

" It oontinued hctobb nearly to the Millvillfl tarnpike, bat fortn- 
nately the wind died away later in the evening and at last tfae progress 
of the most seriooa fire ever in that partioalar part of the coonty was 
stayed. 

"All throngh the day heavy oloads of smoke arose from the fire^ 
and ocoasionallv, when the fire wonld strike a piece of pioe timber, 
the smoke wonld become muoh more dense. Hundreds of our citi- 
zens drove out to witness the fire, which, in the evening, presented a 
grand sight, and until late in the eveuing many walked out. In all,. 
many thousands of acres of land were burned over, the fire having 
extended over an area of some ten or eleven miles in length and a 
probable average of two miles in width. 

" Within its boundaries was much valuable sapling timber and 
much wood that had been cut for the market. We bear of two or 
three email houses that were burned and of several others in small 
clearings that were only saved by earnest and long-continued efforts. 

" The aggr^ate damage was many thousands of dollars, though it 
is simply impossible to give an intelligent estimate of the extent of 
the loss, 

"Since the advent of the locomotives, and throngh the carelessness 
of those boming brush in clearing lands, owners of timber lands are 
in oonstant danger of loss by fires, in addition to which the nee of 
coal oil for fuel has caused a depreciation in the demand for wood. 
These causes combined caused bushland to become of but little value 
for growing for the general market." 

Hundreds of other fires which hare occurred recently throughout 
South Jersey are but a repetition of the same story. Incendiaries,, 
tramps, railroads, &o., caused several smaller fires, burning over, in 
all, not iess tbau 25,000 acres more. 



PBEVEHTION. 

If a fire breaks out it is seldom noUoed until of considerable size. 
The owner of the land induces a few men to help him fight it. A fire 
often bums fisr some time, owing to the fact that fighters cannot be 
had. Many refuse to fight in the daytime. They wait until evening, 
when the fire is smouldering. Many fighters do more harm than 
good. These men are generally not paid. Often they are allowed 
to out the dead wood. When this is refused, the landowner is con- 
sidered mean and often has difficulty afterwards in finding fighters. 
When allowed to cut dead wood, the privilege is often abused. Whan 
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a fire once gains headway in a dcy woods, propelled by a strosg wind, 
it is difficult, if not impossible, to oheck it. Bach work reqnirea 
brave, skillful men, familiar with every foot of the r^OD, and not 
men picked up here and there by chance. The rapidity of the Sre de- 
pends, of course, upon the condition of the woods and the strength of 
the wind. Altboogb these fires are rapid, and althongh the sparks 
may fly long distances, a stream, a spur of swamp or even a road, is 
sufficient to check their headway. Many firee which are very de- 
etmotive burs for some time without being noticed. 

The method of fighting is OBnally hj back-firing. Fire, when 
properly managed in the hands of a skillful woodman, may be used 
to advantage in a forest. After the wind and other conditions have 
been noted, a party, by a short out, rushes ahead to a road, which is 
always an excellent point of vantage, and burns back towards the fire. 
If posuMe, farrows are ploughed. The fires meet and the foros of 
the main body of fire is checked or diverted. Back-firing on another 
man's property to save yonr own often causes trouble. 

This maoh is catain about fires in South Jersey — that back-firing 
in the proper way is the most praotioal method of checking them, 
and that roads are excellent points of vantage. The clearing of 
woods for some distance on each side and the baming of safety-strips 
at the proper season are important steps towards ihe prevention of 
fires. Were lai^ tracts of woodland divided into sections, and each 
section snrroanded by fire-Ianee, there would be lees danger. Sooth 
Jersey is such a mass of woods that when fire onoe gains headway it 
travels for miles without meeting with opposition. Fires can be 
much more easily controlled, however, in South Jersey than in a 
monntainoQS region. Sand, whidi is excellent material to fight with, 
is fortnnately plentiful. 

Proper policing by a mounted, o^anized, well-directed force of 
wardens is necessary. The territory must be divided into parts of a 
certain size irrespective of political divisions, a warden to a district, 
with the woods, roads and clearings of which be mast become per- 
fectly familiar. He is, in fitct, responsible for that district. Located 
on a prominence with field glasses one man can control a large area 
in South Jersey. It must be his duty to enforce regulations and to 
apprehend and bring to court all offenders. It must be his doty, also, 
to keep a strict record of fires and other facte concerning the forests 
of his district. 
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These watdeiu must have the power to call on men to help them 
-when aeceaanry, Theee men most be ander hb cootcol and be paid 
fiur wages for their work. Fighting fire is eaoh a disagreeable and 
laborious job that there is little wonder that competent men are diffi- 
cult to find who will work for nothing. Experience in other coHntriee 
shows that the presence of wardens has a strong edocational influence. 
Tb^ can soon spot the obaraoters who are likely to set fires, and 
theee people, knowing that they are specially watched, would be less 
likely to commit such crimes. Were examples made of a few, the 
namber of serious firee would be materially rednoed. 

Not only must the forest be watched to prevent the work of in- 
cendiaries and individuals guilty of carelessness, but to put oat the 
fires which are sometimes caused by lightning. 

The great saocess in preventing fires in Yellowstone Park, aooording 
to Captiun Anderson, has resulted from constant watching by patrols 
along the traveled rontes. 

Like crime, fires cannot be wholly stopped, bnt they can be re- 
duced to a minimum. The surest way lo stop both crime and firee is 
to prevent them by constant watching. 

Prof. Cook, in the Agricultural Report for 1887, came practically 
to the same oonclnsiona. He said : 

" The prevention of these fires is to be songbt (I) by proper r^u- 
lations, assumed and carried out, and (2) by judioioosly-framed laws 
faithfally enforced. 

" It is found that roads traversing the forests are frequently the 
means of stopping the spreading of fires. The pine foi'cet is traversed 
by numerous roads, which are used as a means of access to the timber, 
or of passing through the forest to the various settlements. Most of 
these roads are at present only just wide enough to allow a wagon to 
pass through, not unfrequently by grazing the trunks of the trees on 
either side. It is invariably the practice, when a fire is to be fought, 
to make a stand along one of these roads, and, by firing back, to stop 
its pn^rees by depriving it of food. Not unfreqnently, narrow as 
they are, these roads aloae stop the progress of the flames. It seems, 
then, that it would be feasible to have all these roads recorded as r^u- 
larly-laid highways, with a uniform width of four rods, and to clear 
away all timber and brush for this width, and fire the space in the 
autumn, anunally. It is believed that this would create a gap which 
the flames would rarely leap, and that they would usually oe con- 
fined to a few hundred acres at most. Probably about two acres to a 
hundred would have to be cut off in this way to protect the rest, and 
in case it was seen that, because of high winds, the flames would leap 
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ttuB barrier, it ooald be rendered effectual by a little baok-firing. If 
this ooald be anpplemented by a forest police of peihaps one moanted 
HMD to each 30,000 aorea, making the whole annaal cost not more 
than foar oenta per acre, mnch woald be acoomplished toward prevent- 
iDg forest fires, which now oanse an average loss of sixty-seven oents 
per acre for the whole of the pine ooantry. Bat it most also be 
remembered that a large amount is now annaally expended in frnit- 
leesly fighting fires, after they have become irresistible from the 
•extent of their front," 

If this excellent advice had been heeded soon after it was written, 
Soath Jersey woald have been a very different country in appearance 
And condition from what it is to-day. 



FOBEBT INFLUENCES. 

The effect of forests on temperature and rainfall b a mnoh-mooted 
■qaestion. Mo one has yet been able to prove that the general t«m- 
peratare or rain&Il is affected by foreete. Like a small body of water 
or a meadow, a forest has its local inffaenoe. A series of investiga- 
tions were begun, endeavoring to ascertain the effect of forests on our 
local climate. It is a problem which is well-nigb insolvable. Boxes 
were arranged in pairs, six feet from the ground. One pair was 
located on the fai^ land at an altitude of thirty feet, the other pair in 
the low land at an altitude of five feet. One of the first pair was 
located in a pine woods, the other in the open about 600 feet from 
it. One of the seocmd pair was located in a small, dense cedar 
swamp, the other in a meadow abont 300 feet away. The highest 
«nd lowest temperatures daring every twenty-foar boors were re- 
oorded for six months, beginning Aagast 12th, 1884. The results 
' of these investtgations were not altogether satisfactory. They were 
begun in order to verify, if possible, the current belief that a cedar 
«wamp is considerably cooler in summer and wanner in winter than 
other woods or open, and that a pine wood is warmer in winter than 
the surrounding open or deoiduoos woods. It has been noticed by 
woodmen that a cedar swamp bottom Ireezee only in the severest 
weather. Being evergreen and dense, the cedars break the wind in 
winter ; and being located in soil full of springs, they are warmer 
than the upland. Coming from deeper in the earth, spring-water is 
apt to be cooler in summer and warmer in winter than surface-water. 



;vGoo»^lc 



ANNUAL EEPOET OF 





3 3 ES 8 




S = 2 2 




ilij 


■uiuui|g»m agiMiY 


3 8 9* 


-mnniFaiiB aSwsAV 


a 8 S S 


J 


ilij 

Ull 


■oannxra •SaisAT 


m^ 


-nniBi|0|(n «>>m*v 


« S 8 R 


li 


Jill 


tannisvnt aS«MiT 


S 




m m m U 


1^ 


iiii 




cess 




ssn 








.-444 

: t : : 


|i 


fill 



jvGooi^lc 



THE STATE GEOLOGIST. 277 

Ibe MildoesB of tlie pines in winter ia probably dae to tbe dryaesB 
of the atmoBi^ere and to the protection afforded by thmr evergreen 
Arfiage. Farther inv^atigatione on thia subject are, of coarse, neow- 
«ary befcare oonolnaiouB are warranted. 

It is more than likely that a forest cover indirectly affects tbe 
-climate to oonaiderable extent in the following way : When a sandy 
Boil is exposed to the direct rays of the son the moistore at once 
•evapcwates and tbe sand becomes unbearably hot in summer. Thia 
heats the air immediately over it, which rises in oonaeqaence and ia 
replaced by cooler air, which in tarn is heated. 

The ^ect of forests on tbe precipitation of moisture is as difGoalt 
to |»ove as tbe effect on temperature. It is a common belief in South 
Jaeey, and in oommon beliefs there is nsaally a gnuu of truth, that 
•cedar swamps attract a shower. Several persons observed that more 
rain fell last snmmer in swampy r^ions than on the eandy upland. 
More than one season's observations are necessary, however, to prove 
that this is of general occurrence. There is one ^ling certain in this 
-connection — that although forests may not actually cause the precipi- 
tation of rain, they do not prevent it, which cannot be said of a dry, 
eandy area. 

As a windbreak the forest exerts a very beneficial infiuenoe, aud 
the effet^ of masses of trees on the condition of the soil and the 
flow of water cannot be doubted. 

The recuperative effects of foreets on soils have already been 
referred to. In sandy soils they prevent shifting and leaching. S(hIs 
«re k^ in a soft, porous condition by a protective covering of 
vegetable matter. Compacting doe to the beating of rain is prevented, 
«nd roots and rootlets not only loosen the soil but add organic matter 
to it l^ their decay. 

The indaenoe of forests on water-flow is probably not so great as 
is believed by some. The forest no doubt acts as a sponge, bat jast 
«B soon as this sponge is saturated the exoess flows off. A large 
Amount of this moisture parses again into the atmosphere throngh 
ihe leaves. Erosion is prevented by a forest cover, since the count- 
less rootlets of a tree tasd the soil and retard the flow. The quantity 
of moisture which flows to the sea is probably the same as it ever was 
in South Jersey, excepting that the daw is irregular. 

In South Jersey, the cultivation of the cranberry is an important 
industry. A stream of oousiderable size flows through every im- 
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portSDt bog. It is often ueeeeaaxy to flood these bogs on short notice. 
The water, theiefore, mnst be nnder perfect control, The water- 
supply and the foreet-cover (especially the cedar awamps) npon wbiclk 
it depends for its regularity are growing in importance to cranberry 
cnltivators. Cedar swamps are nataral reservoirs of water producang^ 
a Dataral irrigation. They are usually located in the region of springs. 
The bottom of the swamp is asnally covered with bog-mosses and 
litter. These bog-mosses are noted for their ability to hold water. 
In the Sonthem Interior there are many streams the water of which 
is remarkably pure, A " branch " or " ran " in percolating through 
these swamps divides into many streamlets and the water becomes 
chained with hnmio matter whieh colors it the shade of amber, but 
which in no way damages it for drinking purposes. The softness of 
this water is remarkable and the amount of soap saved in using it i» 
considerable. 

Much oould be said of the sanitary influence of the pines. The 
protection they afibrd against wind and sun and other extremes must 
be beneficial to health. The forest soil contains many organisms, few 
of which, however, are in any way pathogenic. The atmosphere and 
soil of sandy pine r^ions are dry. There is a peculiar mUdness to- 
the atmosphere of South Jersey, but whether this is due to the Boil>. 
the pines, the swamp land, or a combinatiou of these is indeed a^ 
question. No doubt one of the most beneficial inflnenoes of a forest 
ia in preventing the formation and dissemination of dust. Aside 
flvm the beauty of trees around dwellings they do a great service,, 
especially in cities, in this way, since septic organisms are usually 
carried on minute particles of matter through the air. 

Were South Jersey covered with a beantifol growth of pines, such 
as were abundant half a century i^o, hundreds of tourists would flock 
to it in winter. The income from that source alone wonid probably 
amonnt to as much as the timber it would yield would be worth, As- 
it ia, one gets a very unfavorable impression of the country in cross- 
ing in the cars to the aca, mainly because the forests have besD 
destroyed by fires and careleea cutting. 

FOREST ECONOMICS. 

That the Southern Interior ia especially adapted to the growing of 
wood eropa, owing to the fevorable natnte of the soil and climate, is & 
fact worthy of much emphasis. The nearness to a good market, it 
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not at preeent, will sometime make the growing of wood and other 
foreet produota paying indnatries. Tranaportation by small orafta is 
facilitated hy many bays and thoronghfates along the shore, and by 
many navigable streams which penetrate far into the Southern Inte- 
rior, A tree is long in growing and the investment is for snch a 
Ume that the preservation and economical management of forests 
seem beyond the power of private eSbrts, aiming rather at the pro- 
motion of the interests of the ooming generation than at the pro&ta of 
the present. As the popnlatiou increases, the quantity and naes of 
forest products, owing to the progress of discovery, increase accord- 
ingly. 

It is recognized the world over by the beet aathoritiea that a foreat 
serves at least three pnTposes : 1, of beanty, of special valne to those 
r^ona receiving revenues from touriata and invalids; 2, of r^a- 
lating the water-Sow and improving the soil, of paramount import- 
ance to agricultural as well as to other regions ; and 3, of yieldiug 
usefnl materials. 

To the forester and the lumberman the first two purposes are sub- 
sidiary to the third. It mnat be borne in mind tbat the main differ- 
ence between a forester and a lumberman is in the manner of using 
the axe and saw. One oGts carelessly ; the other according to method. 
One is endeavoring to get every cent possible out of the forest at 
once ; the other must content himself with a smaller and slower but 
perpetual income. 

When a tree reaches a certain stage in its growth it is ready to cut 
and use, unless of special historic or other interest. It is wasteful 
and even detrimental to a forest to let trees mature, topple over and 
decay. An amount equal to the increment, and not the principal, 
should be cut. 

On another p^;e the planting of the white cedar, the white pine, 
the white oak, the swamp white oak and the chestnut is recom- 
mended. The red cedar, although common throughout South Jersey, 
in fact the tree of widest distribution in the United States, approaches 
perfection only in the mild and humid atmosphere of the Gulf States 
— that is, produces in the shortest time the largest amount of the best 
quality of wood of its kind ; the white cedar, on the other hand, in 
the Southern Interior of New Jersey, finds a very suitable environ- 
ment, producing a wood which has few, if any, equals among the soft 
woods of America. 
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The white cedar trees in the majority of the swamps have a fresh, 
healthy appearance. They snfi^ very little from the effects of insects 
01 foDgi. The damage thus oaased, from an eooDomioal standpoint, 
is hardly worth considering. Its wood is clean, light, easily worked, 
durable, sweet Eoented and qnickly seasoned. There is a mere line 
of pith and the bark ia tough, close and fibrons. A very lat^ pro- 
portion of the trunk is heart- wood. 

In an article in the "New Jeroey Forester" for March, on the 
wood of the white cedar, Mr. F. Roth, an authority on woods, says : 

" Perhaps no other wood in the market Beasoos so rapidly and per- 
fectly as white oedar. Neither warping nor checking need be feared 
and almost any temperature may oe employed. In lightness it is 
surpassed by none of the woods in Eastern markets, and in its well- 
grown form it eqaals, if not excels, eren the ohoiceat 'pompkin' 
variety of the white pine, and is thus well fitted for a thousand and 
one usee." 

It is the principal wood for genera) purposes in South Jersey. It 
is used for the parts of buildings exposed to the weather, mainly 
weatherboards and shingles. It is a favorite material for fences, 
although not so suitable for poets as red cedar and locust. It ia 
white in color when freeh, bat becomes a peculiar gray in the course 
of years. The wood is mnoh used in boat and tank oonstruction. 
From the slabs excelsior tow is often made, and in the Southern 
States, but not in New Jersey, it is much used for the manufacture of 
pails and hollow ware. 

The white oedar tree when properly cared for is a rajud and vigor- 
ous grower. The swamps are usually entirely too dense. A large 
proportion of the trees are suppressed. The oedar is a snrfaoe-rooter, 
one tree supporting another, so that thinning at the proper time is 
necessary, otherwise when a few are cut others fall in every direction. 
Catting the underbrush and removing the bog mosses are detrimental 
to the growth of the tree. 

The bed of a cedar swamp ia a mass of humoa. The bottom ia 
covered with ferns, bog-mosses and the like, Li^s are often buried 
in this mass of material several feet below the aurface. Many claim 
that more oedar is under than above ground at present in South 
Jersey. 

The following concerning tbeee buried logs is copied from the 
"Geology of New Jersey," 1868, p. 360 : 
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" Dr. Beesley, of Denaisville, some jean siaoe oommnnicated to the 
newspapers an article on the age of the oedsr swamps which was 
copied by Mr. Lyell io hia ' Travels in the United States, Second 
"Visit,' Vol. I., p. 34, in which Dr. B. says that he coaoted 1,080 
rings of annnal growth between the center and outside of a laive 
«tamp six feet in diameter, and noder it lay a prostrate tree, whi^ 
had fallen aod been bnried before the tree to which the stump belonged 
£tst sprouted. This lower trnnk was five hundred years old. So 
'that upward of fifteen centuries were thus determined, beyond the 
shadow of a doubt, as the age of one small portion of a bog, the 
-depth of which is as yet onknown." 

The wood of these logs is soond and light, the " mining " of which, 
«epeoially in Cape May ooanty, was for many years an important indoa- 
'try. They were sawed into the so-called "mad-shingles" which seon 
never to rot, bnt which wear thin in the coarse of years. In speaking 
«f the mining of cedar logs, the " Geology of New Jersey," 1868, when 
■this was quite an indnetry, says : 

" In conducting this latter boainess, a great deal of skill and ex- 
f>erience is reqaisite. As many of the trees were partly decayed and 
worthless when they fell, it beoomes important to jndge of the value 
<t( the timber before much labor is wasted upon it. With an iron 
rod the shingler sounds the swamp until he finds what he Judges to 
be a good log; he tries its length and size with this rod; with a 
«haip-catting spade he digs through the roots and down to it; he 
next manages to get a chip from it, by the tmeU of which he can tell 
whether it was a windfall or a breakdown; that is, whether it was 
-blown down or broken off. The former are the best, as they were 
probaUy sonnd when they fell. If he judges it worth working, he 
<iut8 out the matted roots and earth from over it, and saws it m at 
the ends. This latter operation is easily performed, as the mnd is 
very soft, aod without any grit. By means of levers he then loosens 
it, when it at once rises and floats in the water, wbioh is always very 
near the level of the swamp. The log is then cot into shingle 
lengths, and split into shingles. The log^ are sometimes, though 
rarely, worked for thirty feet. 

"It is very interesting to see one of these logs raised. It comes 
«p with a9 much baoyancy as a freshly- fallen oedar ; not being water- 
logged at all. The haak on the under side looks &esh, as if it had 
lam but a few days ; and what is remarkable, the under side of the 
log is always the lightest ; the workmen observe that when the 1<^ 
doats in the water it always tarns over, the side which was down 
coming uppermost,"** 

•Op. died pp. 857-368. 
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A oedar svamp is so dense that the light only feebly penetrates, so 
that the weakest trees are overwhelmed and grow but little, ot die ii> 
oonseqaenoe. The general opinion is that cedar grows best when not; 
mixed with other trees. The tapering tops of the trees project 
beyond the body of the snamp and the foliage oansea sneh a shade 
that there is little anderwood. The white pine and cedar, however, 
seem to grow well tt^ther. Cedar is saoh a lover of sanshine that 
it cannot thrive when mach shaded by other trees, and the shade 
which it caofiGB is such that few trees can endure it. Very tall, qoiok- 
growiog trees which throw little shade, Boch as pines, and which have 
8 strong, deep root system, grow well with oedar. 

By removing the lower limbs, which are asnally dead, clean timber 
can be prodnced. If the dead limbs are not removed the knots thiis- 
formed in the board, being loose, drop oat. 

When the sarronndings are anfavoiable cedar grows slowly and 
lichens (especially Uinea barbaia, vor. Jlorida) accumulate on its bark 
in consequence. Its wood becomes " brazsly " or brittle. Wbea 
growing alone or on the edge of a swamp the tendency of trees ta 
grow in a spiral manner is well illustrated by the cedai. To a board 
firom such a tree there ia neither a right nor a wrong side. It splintera 
in every direction. 

The white pine is not common in South Jersey, although it deeerve» 
oonmderable attention. On the lowlands it grows with enrprising 
rapidity and soon overtops the other trees. It thrives in medium 
lands, and, unlike the white cedar, will grow on sandy uplands. Tfae 
seeds of the white pine may be bought of nurserymen for about |2 a. 
poand. 

The chestnut has been strongly recommended for planting in South 
Jersey in places whioh are free from fires. Several letters have been 
reoeired, testifying to the fact that it grows well on light soils. Al- 
though easily affected by fires, it yields large returns in a few years, 
producing a useful wood and a salable fruit. The second growth is 
vigorous and the tree lives and fruits for many years. The celebrated 
chestnut trees on the slopes of Mt. ^tna must be counted among the 
oldest trees on earth, being as old, according to some authorities, as 
the Christian era. Many varieties of the chestnut are under cultiva- 
tion, differing coosiaerably in the size of the tree and in the size and 
quality of the nut. Before planting for its frnit, those who are not 
familiar with its cultivation should conenit a horticulturist. The 
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eheetnnt is oertainlf one of the most naefal and beaotifal of trees^ 
and since it thrives in Sooth Jersey, deserves to be planted, especially 
along streets, altboogh it is much dabbed and disfignred by boys- 
while in frnit. 

The walnut {Ji^lana nt^ra) is a valuable tree for its wood and 
nnts. Although assodated with rich woods, it grows rapidly in the 
light, loamy soils of Soath Jersey. Several very handsome eped- 
mens may be seen in Atlantic and Cape May ooontiefl. 

The Madeira not, or English walnut (Juglana regia), is a native of 
Persia, bn,t will grow in light, moist soil in this climate. The valae- 
of its nata is well known, and there is every reafion for believing that 
it oan very profitably be oollivated in South Jersey. 

The hazelnnt is rare in South Jersey, althongh it is a profitable- 
underwood. It was planted around Calico and Old Martha, in Bur- 
lington oounty, in the woods where it is still found growing and 
fruiting. 

The pecan {Oarya olivcB/ormit) will grow in South Jersey, bat it» 
cultivation bo far north has not proved suoocssfnl. 

Much oonld be said of the minor forest products of Soath Jersey, 
which, although gathered in small quantities by many individods,. 
are by no means of minor importance. Employment is thna furnished 
to oiany backwoodsmen, who help themselves to whatever they can 
find of such a nature in the woods. 

Scattered in pine woods are " fat-pine knots," These were gathered 
daring the dvil war to supply the demand for tar, A kiln was bnilt 
in the ground, into which these knots were pat. By firii^ the top 
the tar oozed out and trickled down into vessels placed ready to receive- 
it, Sach an industry woald not pay to-day ; it was profitable only 
during the war, when the Southern sapply was interrapted. 

These knots are valuable, however, for kindling, and when slivered 
and bundled wUI sell in large dties. 

In Europe the cultivation of the basket willow is an important 
industry. There is no better plant for holding soil in places exposed 
to washing along fresh-water streams. It can be easily propagated 
and grows rapdly. 

The wood of the willow is more valuable than is usually supposed. 
It holds a nail tenaciously, and althongh soft, is firm. The wood of 
the white willow in England is used for many purposes, especially in 
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ihe maoafficture of cricket batB. The wood of the black willow has 
<beea used to considerable extent by ship-bailders in South Jersqr. 

Mt. H. Sabsovich, sapeiintendent of the Baion de HiiBoh colony 
4lt Woodbine, has been experimenting with basket willows. He re- 
fwrte that he has grown them very saoceasfally on land practically 
«nfit foi other purposes. The willow has been grown along the 
Delaware for charcoal. 

Market- baskets are made from the wood of the sweet gam (Liqutd- 

' -am&ar atyramflua). The I<^ is sawed into pieces of the proper length 

«Qd each is cut into thin circular sheets. When the sticks get too 

■small in circamference to be conveniently oat, they are sold for rollers. 

The bottoms of the baskets are oaoally of pine. 

Many claim that the wood of the persimmon is excellent for shnt- 
4le8 and spindles. This is no doubt so, since the persimmon belongs 
4o a fitmons family in respeot to its wood. 

The wood of the holly is valuable for the manufacture of fancy 
Articles. 

The wood of the sour gum is used for special purposes. It is 
irr^ularly grained and proverbially tough. It is used for wagon- 
iiobs, hatters' blocks, malls and the like. It is often turned into 
. pillars for porches. 

Laurel {Kaimia taiifolia), calico bosh or spoouwood, is valued for 
costio work. It is used extensively for that purpose in the building 
•of fences, summerhousee, bniohes and the like. The large butts of 
the laurel bush, vulgarly known as " nigger-heads," are much used 
in the manufacture of pipes. 

Tannin is a material common to many plants. It is yielded by 
«evera] spedes of sumac, mainly the common upUnd variety which 
.grows in very dry, sandy fields. The rankest and healthiest sped- 
meoB noticed by the writer were on gravelly soil in Washii^;ton 
township of Bnrlington county. At one time the leaves were gatii? 
-ered in large quantities and powdered by mills in South Jersey, Why 
this industry stopped is not known to the writer, but sumac is still 
•eommon and tannin mnch used for a variety of purposes. In Sicily 
■a species of sumac has been cultivated for many years for that pur- 
{Kwe. 

Bed cedar oil was once extracted in South Jersey. Sassafras yields 
A fragrant oil, which is used to a limited extent, and the aromatio 
fcark of its root ie gathered and sold. 
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The hoop-pole indnstiy was important at one time in Sonth Jer- 
sey, Mneh of the second growth of oak waa atilized in that way, bat^ 
owing to the snbstitntion of bags for barreU and iron for woodeD< 
hoope there is little or no demand at present. 

la the bottom of cedar awamps there is a moss called sphagnam, 
which may be oonaideTed a forest product. This forms a spongy 
mass over the sar&ce sometimes more than a oonple of feet in depth. 
This material is noted for its ability to hold water and also to undergo- 
an extreme amoont of drying and still recover. It is used by nur- 
serymen for packing purposes. In Oocan oonnty it is baled in hay- 
presses and shipped in large qoantitiee. This onstom onght to be- , 
prohibited, at least to a certain extent, since it robs the swamps of a. 
very valuable material. Cedar swamps are natnral reservoirs of 
water, and in this respect the sphagnam plays an important part iit 
helping to retain it. In very dry weather, owing to the denuty of 
the foliage above and the mass of sphagnam below, swamps remain 
damp. Moss-gatherers osnally help themselves to this material 
wherever th^ can find it. 

The American mistletoe (PHoradendronJlcmeBeenB) was at one tim& 
very common in Soath Jersey. It is a parasite on the sonr-gnm, 
Acoording to some aathorities, the red maple is also its host. It 
b^ns on the branches, moves towards the tronk, gnarls, and finally 
kills the tree which supports it. It is becoming soaroe, bat has been 
mnob gathered, eeiMoially at Christmas time, and with holly and 
other evergreens is sold in cities. 

The flowers of the magnolia {MagnoHa gkmea), whioh soent the 
woods in Jane, are also a sonrce of revenne. 

In many places in Sooth Jersey there are large quantities of yoang- 
biroh, also plenty of sornb oak. These are out in large quantities for 
canes and umbrella handles. Holly is used for the same purpose. 

The swamp huckleberry is a fruit deserving more attention than it 
has ever received. It is a good swamp anderwood. It can easily 
be cultivated and improved. Hnokleberry-pickers break ofi the 
boahes, since (hey have noticed that the young wood which foUow» 
bears a larger quantity of better- flavored berries. 

The fimit of the persimmon is oilen sold in our markets. It i» 
sweet and wholesome, but soft and difEcult to transport 

Wild grapes, gnmberries, beach plums, wild oberriee, juniper ber- 
ries and the like are all more or less osed for wines, pies, jellies, Ac 
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There are other prodacts yielded by the email plants whiob grow in 
the woode. Acorns are abundant and are mnoh gathered for swine. 

A firm at Vineland has been baying forest leaves {ot the mana- 
faotnre of linoleam. The saocess of this venture ia not a eertunty. 
It ia mainly an experimental plant. 

Many of onr common trees and shrnbe yield medicines of more or 
lees value, snob as witch hasel, wild cherry, white-oak bark, spice- 
-wood, &c 

Wood has been sold in South J^»ey for the manafactore of pyro- 
ligneooB acid and alcohol. Pyroligneooa add is crude acetic add, the 
-essential of vinegar derived irom wood by distillation. The time is 
no doubt coming when the chemist will utilize wliat is now destroyed 
«e waste. 

The stagbom sumac {Shus tyjAina) is sometimes called the vine- 
gar tree, from tlie oae of its acid fruit in vin^ar, while its near 
relatives, M. venmata and JR. toxieodmdron, both common in Sonth 
Jersey, are to dome persons exceedingly poisonous, i^u* tosneodm- 
4r<m is need to some extent in medidne. Rkiu typkina, which grows 
ito be a small tree, has been planted to oonsiderable extent in yards in 
■South Jersey, bnt is very rare in the woods. 

In conclusion, efforts in the following lines are reoommended : The 
education of the coming generation in the prindples of forestry; the 
prevention of fires and wood-tbieving by proper policing ; the tax- 
ation of woodland in proportion to the interest which it yields; the 
reforestation of latge areas of waste land by the State ; oaring for 
forests on areas which supply large dtiea with water ; encouraging 
«ettler8 to leave wood-lots gn their farms ; and the planting of suit- 
able trees along streets and roads, in parks, botanic gardens and 
around our houses. 
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The statistioB of production of iron ore in New Jersey in 1894 are 
^ven in the following report of John Birkinbine, of Philaddphia, 
«peoial agent of the United Statee Geolc^ool Surrey, Division of 
Mining StatietioB ; 

"DSPABTHBHT 07 THS InTBBIOB. 

"Uhttbd States Gbological Sdbvey, 
" Division of Muono Statibtics aud Teohitologt, 
" Philadelphia, April 2Sd, 1896. 
-*' iVo/. /. C. Smoek, State OeologitL Trentm, S.J,: 

" Deas Sib — Ab agreed, I have compiled the figures of the pro- 
daotion and valaation, &e., of the iron oree of New Jersey for the 
<!alendar year ending December Slat, 1894, and would make the fol- 
lowing report : 

" Toe total amonnt of iron ore (all of whioh was of the magnetic 
Tuiety) prodaoed during the year was 277,483 groes tons. The total 
'valnation of the iron ore produced duringthe year was (S68,066. 
This- ia equivalent to 92.05 per gross ton. The stocks of ore on hand 
December 31st, 1893, were 62,038 gross tons. The stocks of ore on 
hand December Slst, 1894, were 63>317 groes tons. This would show 
that the shipments during the year 1894, amounted to 276,204 grosa 
tons. 

" It may be interesting to you to have a review of the production 
of iron ore in the six years for which we have data in this office 
tt^ther with the stocks reported on liand at the close of eaoh year, 
«na the valuation of the iron ore prodnotion of New Jersey for the 
four years in whioh it was collected. These are set forth in the fol- 
lowing table : 

" PBODVCnOS, VALUATION AND 8TOOKB OF IBON OBB IN 
NEW JBBfiBY, 1889-1894. 



% producer. 


Growtoni. 


T»iii«aoii. 




BCock on tuud 


) 8th 


41G,510 


11,341,643 


$3.23 


U4,8W 


) 8th 


485,808 


Not reported. 




Hot reporWd. 

6*;866 






Not reportei. 






465,465 


$1,388,875 


2.88 


72,3S0 


t 9th 


366,160 


908,458 


2.66 


62,038 


1 8th 


277,483 


568,066 


2.06 


63,617 
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" It may also be of intereat to state that the Ststee which jpiodaceA 
more iron ore in 1894 than New Jersey were Miohigan, Minoeeota^ 
Alabama, Yii^inia, Pennajlvania, Wisoonsin and Tennessee, in the 
Older named. 

" Yours respectfully, 

"Jno. Bjbeibbinb. 

"^e 'rank as a prodacer* ehows the poution held by New 
Jersey among the States which supplied iron ore, based on the quan- 
tity mined in each of the years named. 

"J. B." 

The total shipments of iron ore from New Jersey stationfi, and 
from mines in the State, reported by the several nulway companies 
carrying the ore in 1894, with the output of the mines at Oxford 
Tumaoe, wbioh was not included in the railway reports, amounted to 
284,787 tons. 

The statistics of last year's report are here rq>rinted : 



IBOir OBE. 

1790 10,000 loDB MorWB Mtimste. 

1880 20,000 tons ~ Qordoo'B Gazetteer. 

1866 100,000 Ions „ Dt. Eitchell's estimate. 

1860 104,900 tons TJ. B. ceosos. 

1864 226,000 tons Aaaual Keport Slate QeolagiaL 

1867 275,067 tons " " " 

1870 362,638 tona U. S. census. 

1871 4-50,000 tons Annuel Report State GeologisU 

1872 600,000tons " " 

1878 666,000 tons " " " 

1874 626,000 tons " « " 

1876 390,000 tons " " " 

1876 286,000 tons* 

1877 315,000 tonB"„ 

1878 409,674 tons " " « 

1879 488,028 tons " " " 

1880 746,000 tons " " " 

1881 737,052 tons " " " 

1882 932,762 toDS " " " 

1883 621,416 tons " " " 

1884 393,710 tons " " " 

1886 330,000 tons « « " 

1886 600,501 tons " " " 

* From statistics collected later. 
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887 ^7^89 toDH Annaal Beport Stole Gaalogist. 

888 447,788 l«iiB " " " 



801 561,368 tons .. 

465,465 tons .. 

356,160 tons .. 



The zinc ore mined in the State in 1894, reported b7 the oompsoies 
working the mines at Stirlisg Hi!l and at Franklin Furnaoe, in Sa»- 
sex ooanty, amounted to 59,382 tons. 

The statistioB for preceding jeare are reprinted : 

1863 26,000 loDs> Annukl Report Sute GeologiiL 

1871 22,000 tons .< « « 

1873 17,600 tons " " " 

1874 13,600 tons " " " 

1878 14,487 tons " " " 

1879 21,937 tons " " " 

1880 28,311 tons " " " 

1881 49,178 Uins " " " 

1882 40,138 tons " " 



...66,01 






1S84... 



...40,094 toDB .. 



1886 43,877 tons „ 

1887 60,220 tons ., 

1888 46,877 tons ., 

1889 56,164 tons .. 



1891... 



...76,0; 



"BBtimated for 1868 sad 1871. Statistics for 1873 to 1890, incluaive, are from 
reports of the railwa; companies carrying the ores to market. The repoits for 1890, 
1891, 1892 and 1893 were irom the companies working tlie mines. 



;vGoo»^lc 



jjGooi^lc 



PUBLICATIONS OF THE SURVEY. 



SIBTBIBnnON OP PUBLIOATIOISS. 

The demand for the pablioations of the 8arve7 has inoreased 
daring the past year. 

There is a coDtinned call for the topographical maps. The sales 
during the last year amoanted to |400, 

It ia the wish of the Board of Managers to complete, as far as 
poesible, inoomplete sets of the pablioatioDH of the Survey, chiefly . 
filee of the Ananal Beports, in pablic librariee, and librarians are 
urged to correspond with the State Geolc^ist ooncerning this matter. 

By the act of 1864 the Board of Managers of the Survey is a 
board of pablication with power to issue and distribute the pnblica* 
tions as they may be aathorized. The Annual Beports of the State 
Geologist are printed by order of the Legislature as a part of the 
legislative documents. They are distribated largely by members of 
the two honsee. Extra copies are supplied to the Board of Managers 
of the C^l<^cal Survey and the State Geologist, who distribute 
them to libraries and public institutions, and as far as poesible, to any 
who may be interested in the subjects of which they treat. Several 
of the reports, notably those of 1868, 1873, 1876, 1879, 1880 and 
1881, are out of print and can no longer be supplied by the office. 
The first volnme of the Final Beport, published in 1888, waa mostly 
distributed during the following year, and the demand for it has been 
far beyond the supply. The first and second parts of the second 
volume have also been distributed to the citizens and schools of the 
State, and to others interested in the partioalar subjects of which they 
treat. The third volume is now being distributed from the office of 
the Slate Geologist. The appended list makes brief mention of all 
the pablioations of the present Survey since its inception in 1864, 
with a statement of editions that are now out of print The publica- 
tions of the Survey are, as neaal, distributed without further expense 
than that of transportation, except in a single instanoe of the maps. 
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where a fee to cover the cost of paper and printing is charged a» 
atated. 

<r fublicatioi's. 



GioLoOT or New Jsaaiv, New&rk, 1868. gvo„ ixlT.-t-BM pp. Oct of print. 

POkTroLio OP Um acMniipanyiDe tbe lame. aa lallowi : 
1. Azoic uid paleozoic fbimallons, Including the iion ore uid llmeatone iillatrlct«: colored. 

e red HandHtone and trap itx^ki of CeDtml NowJorse;; 
colored. Scale, 2 mllea to an Inch. 

&. Cretaceoiu fuimatlon, Including Uie greensand-marl beds ; colored. Bcale, 2 miles to ta 
Incb. 

*. Tertiary and recent focmatlonH of Bonlhem New Jersey ; colored. Boole, 2 mllea to an 

S, Uap of a group of Iron mines la Uorrls coonty ; printed in two colon. Scale, 8 Incbes to 

t. Map of the Sinzwood Iron mines : printed In two colors. Bcale, S Inches Co 1 mile. 

T. Mapof Oifbid Famiceiron-oieieinB. colored. Scale. 8 Inches lo 1 mile, 

8. Map of llie zinc mines, Sussex county, colored. Bcale, 8 inches to 1 mile. 

A few copies ate oudlstrlbated. 
- RsFOBT OH THi Clat DEFOsrra of Woodbrldge, South Amtwy and other places la New 
Jersey, logetber with their uses for fire-brick, pottery, Ac. Trenton, I8TS, 8vo., Till.+BSl pp., 
with map. Outof prlnc 

A PBiLiMiNi.itT Catiloouk of the Flora of New Jeney, complied by M, L, BrlttoD, Ph.D. 
Kew Brunswick, IKSl, Svo., iL+2SS pp. Oat of print. 

Final Ekport of thk BiiTi Gkoloqibt. VoL I. Topography. MagneUam, Climate. 
Trenton, 1898, 8to„ il. +tW pp. Very acaroe. 

Final Bepobi of the Btaik Geologist. VoL II. Part I. Mineralogy. Botany. Trenton, 
18S9.Sro.,x.+B12pp. 

FiKAL Refobt of tbe State GsOLoaln'. Vol. II. Part II. Zoology. Trenton, 1800. Svo., 
X.+8Z4 pp, 

RiTOKT OH WiTiB^SUPFLT, by Comellus ClarkBon VermenlB. VoL III. of tbe Pinal Beport 
of the Btate Geologist, Trenton, ISM, Sro., xtL +862 and H pp. 

BRACHioroDA jiKD LAMiLLiGRtNCBiATA of the BacltBn Clays and Oreensand Marls of New 
Jersey, by Robert F. Wbilfield, TrVDton, 1880, qaado, pp. BS3. plales XSXV. and Hap. (Paleon- 
lology. Vol. 1.) 

OABTBBOFODA. AND Cbphixofoda Of the Rarlton Clays and Gieenaand Maria of New Jersey, 
by Robert F. WhitQeld, Trenton, 1892, quarto, pp. 402, plates L. (Paleontology, Vol. II.) 

Atlas of New Jebset. Tbe complete work Is made up of tnenty abeets, each twenty-aeyea 
by thlrtyHBeren inches. Including margin, Intended to fold once aoroaa, making the leaves of 
the Atlas leX t>y 27 inches. The location and number of each map are given belov. Those 
bom llo 17 are on the scale of one mile to aa inch. 
Ifo. 1. KUIaHnnt VaUey and ifounMn, ^m Hope to the State ItQc. 
SO. I. SOulAiKsMrn BigMandt with the southweat part of Klttatlnny valley. 
Jfti. 8. Cmtral niglUamit, Inoludlnrall odUairls conuty west of Boonton, and Bossei sonth . 

and esfit of Newton. 
Ko. L IftrUitailcm BigMaivdi, including Che nonnlry lying between Deokertown, Dorer, 

Pateison and Bnttem. 
So. d. Vicinity qf Fiaaiagtaa. from Sranerville and Princeton weaCwani to the Delaware. 
So. e. The Valley r^ Out AiMiUc, with the country eastward to Newark and aouthward to Che 

Barllan rlrer. 
So. 7. The CoimUei qf Bergm, Htulton and Enex, with ports of Paisaic and Union. 
So. 8. VIeinity aS IVnUon, from New Brunswick to Bordentown. 
S: 9. Uanmovth Shore, nith the Interior from Melnchen to Lakewood, 
So. 10, VMnity of Soiem, ftom Swedesboco and Bridgelon weatword to the Delaware. 
So. U. VintnOy of Osmdcit, to Burlington, Winslow, Elmer and BwedeabOiO. 
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M. If. VMnUv tif Maunl BbSv. from BoMeotown wnitliwiud to Wiuslow uid Woodmuule. 

Jto. 1». VfcinUv qf Bamcgat Bay, With the greater part of Ocean coant;. 

So. III. Vicinity Iff Bridgiion, from AlloirajMowii end Vioelaud aoathward to the Delamce bay 

No. U. SotOhem Mtrlor, the coantry lylos between Atoo, UillTlIle and Egg Barboi City. 

I/O. IS. Egg Harbor and Flt^ftf. Including tbe Atlantic ibore Irom BunagU to Gisftt Egg 

No. 17. Oapt Hay. with the country weetward to Maurice river. 
No. IS. Fea Jenet Slalt Map. Scale, i mllea to an Inch. Qeographtc. 
^0.19. Nea Jtrtey B^itf Mop. Scale. B miles to the Inch, Hypsometric. 
^0. to. Nea Jenei/ Oeologicai Map. Scsle, B iiill«« to tbe inch. 

The maps compriBing Thb Ati.as of New Jbbsbv are aold at the 
coet of paper aud priotiog, for the aniform price of 26 cents per sheet, 
«ither siogly or io lole. Fayment, invariablf ia advanoe, shonld be 
made to Mr. Irving S. Upson, aseistant in charge of office, New 
Brunswick, N. J., who will give all orders prompt attention, 

RiFOBT or Pbofkms Okobqs H. Cook upcm the Oeologlcal Stirvey of New Jersey and iti 
prc^reaa during the jear 186i. Trentou, ISM, Gvo., U pp. Out ofprint. 

The Ahkuxi. Bspoht of Prof. Geo. H. Cook. Stale Qeologlst, to HIb EioelleDcy Jeel Parker, 
President of the Board of Managers of the Geological BurrBy of New Jersey, fOrthe year IBM. 
Trenton, 1S65, 8to., 21 pp Out of print. 

Anhdal Bipobt of Prof. Oeo. B. Cook. Stato Oeologbt, to His Excellency Joel Parker, Preal- 
ident of the Board of Managers of the Geological Surrey of Kew Jersey, (br the year 1865. 
TrentoQ, IBM, Bvo., 13 pp. Out of print. 

Ahkcul Refobt of Prof, Qea. H. Cook, SUM Qeologlat, on Ihe Geological Survey for the year 
1B<6. Trenton, tsn, 8to., 2S pp. Outof print 

HipOBT or THB Sunt OBOLoaivr, Prof Oeo. H. Oook, for the year isn. Trenton, 1868, Bra., 
28 pp. OutotprlnL 

Ahhdil Rsport of the State Qeologiet of New Jeriey for IMB. Trenton, IBTO, Syo., 67 pp.. 



AHHDJJ. KiPOBT of the State Qeologlst of New Jersey for 1872. Tienton, 1B72, Bvo , 41 pp., 

with map. Out of print. 

AHHiiAL KiFOBT of the State Geologist of New Jeney for IBTS, Trenton, 1BT4, Sto.. 138 pp.. 
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OdC of pilDt. 

L RnoKT of IIM state QeolOKW of Neir J«iM;fotlt8t. Cundan, lSSl,Svo..lS8pp. 
,L Befobt of th« State OeoloclM ot S»w JeiMrfor 1881 TteDt<m, IB8I, Sto., lESpp., 
p*. 

L RiFOKT Of the State OeoLoglM of New Jenej for UStk Tranton, 1S86, Bvo., 228 pp., 
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ERRATA. 



Page 164. — To follow the gaiera in order, read first both colnmna above " Hydro- 
sent (Terpsince) NovEe-CEeaareie," and tbea In order the two colnmDS below. 

Plge 165.— Similatlj readfint the two columns above "Surirella WoolioaDiana," 
uid then the two colnmna below. 

Page 166. — Bead at the bottom of this page as among the weUa along the eoatl, 

"At Wildwood, N. J., between the depths of 370 feet and 798 feet " 
Thb line has been wrongly placed, in the re-arrangement of the type, among the 
inland wells, at (be top of the next page. 

Page 109.— Fifth line from bottom, for "Eaphidodiscus," read " Bhaphidodiscos." 
Page 177, — Ninth line from top, for " Dollinger," read " Dallinger." 
Page 181. — Twentieth line from top, for " Linnen," read " Linnsens." 
Page 1S7.— Third, fourth, fifth and sixth lines from the bottom firat colnmn, for 
"ActinoptycluB," read "ActinoptychoB." Eleventh line from the bottom second 
colnmn, for "Mancula," read "Navicuia." 
Page 192. — Eighteenth line from the bottom, read "the" before " Miocene." 
Page S04. — Note. — On thia page wells at Gibbaboro and HarriBonville are noted 
as having been placed npon the Uarlton and Medford section (Plate X.) In final 
preparation of the plate it was thought best, for cleameea of illustration, to omit 
these wells. By na ovenight the t«it was not corrected to correspond. The well 
at Quinton, noted in the last paragraph on this pa^e, was ontitted, since to place it 
in its proper position, some milea lo the southeast, would have unduly lengthened 
the plate. The relation of this well lo the wells at Woodslown and to the one at 
Joseph Evens', near Marlton, can be seen by reference to the preceding Plate IX., 
which, b^g drawn upon a smaller horizontal scale, inclndee a wider belt 
(8«) 
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